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COMPOSITIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 16/273,281, filed Feb. 12, 2019, which 1s a
continuation of U.S. patent application Ser. No. 15/132,970
(now U.S. Pat. No. 10,233,457), filed Apr. 19, 2016, which
1s a continuation of now abandoned U.S. patent application
Ser. No. 13/884,279, filed Jul. 10, 2013, which 1s a national
stage entry under 35 U.S.C. § 371 from PCT International
Application No. PCT/GB2011/052181, filed Nov. 9, 2011,
which claims the benefit to and priority of Great Britain
Application No. 1019288.8, filed Nov. 15, 2010, and Great
Britain Application No. 1113539.7, filed Aug. 35, 2011, the
subject matter of all of which 1s incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to compositions, such as
filled and coated papers, comprising microfibrillated cellu-
lose and 1norganic particulate matenal.

BACKGROUND OF THE INVENTION

Inorganic particulate materials, for example an alkaline
carth metal carbonate (e.g. calcium carbonate) or kaolin, are
used widely 1n a number of applications. These include the
production of mineral containing compositions which may
be used 1n paper manufacture, paper coating, or polymer
composite production. In paper and polymer products such
fillers are typically added to replace a portion of other more
expensive components ol the paper or polymer product.
Fillers may also be added with an aim of modifying the
physical, mechanical, and/or optical requirements of paper
and polymer products. Clearly, the greater the amount of
filler that can be included, the greater potential for cost
savings. However, the amount of filler added and the asso-
ciated cost saving must be balanced against the physical,
mechanical and optical requirements of the final paper or
polymer product. Thus, there 1s a continuing need for the
development of fillers for paper or polymers which can be
used at a high loading level without adversely effecting the
physical, mechanical and/or optical requirements of paper
products. There 1s also a need for the development of
methods for preparing such fillers economically.

The present invention seeks to provide alternative and/or
improved fillers for paper or polymer products which may
be incorporated in the paper or polymer product at relatively
high loading levels whilst maintaining or even improving,
the physical, mechanical and/or optical properties of the
paper or polymer product. The present invention also seeks
to provide an economical method for preparing such fillers.
As such, the present inventors have surprisingly found that
a filler comprising microfibrillated cellulose and an inor-
ganic particulate material can be prepared by economical
methods and can be loaded 1n paper or polymer products at
relatively high levels whilst maintaining or even improving,
the physical, mechanical and/or optical properties of the
final paper or polymer product.

Further, the present invention seeks to address the prob-
lem of preparing microfibrillated cellulose economically on
an industrial scale. Current methods of microfibrillating
cellulosic material require relatively high amounts of energy
owing in part to the relatively high viscosity of the starting
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2

material and the microfibrillated product, and a commer-
cially viable process for preparing microfibrillated cellulose
on an industrial scale has hitherto before proved elusive.

SUMMARY OF THE INVENTION

According to a first aspect, the present invention 1is
directed to an article comprising a paper product comprising
a co-processed microfibrillated cellulose and inorganic par-
ticulate material composition and one or more functional
coatings on the paper product.

According to a second aspect, the present ivention 1s
direct to a paper product comprising a co-processed micCro-
fibrillated cellulose and 1norganic particulate material com-
position, wherein the paper product has: (1) a first tensile
strength greater than a second tensile strength of the paper
product devoid of the co-processed microfibrillated cellu-
lose and inorganic particulate material composition; (11) a
first tear strength greater than a second tear strength of the
paper product devoid of the co-processed microfibrillated
cellulose and inorganic particulate material composition;
and/or 111) a first burst strength greater than a second burst
strength of the paper product devoid of the co-processed
microfibrillated cellulose and 1norganic particulate material
composition; and/or 1v) a first sheet light scattering coetl-
cient greater than a second sheet light scattering coetflicient
of the paper product devoid of the co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion; and/or v) a first porosity less than a second porosity of
the paper product devoid of the co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion; and/or vi1) a first z-direction (internal bond) strength
greater than a second z-direction (internal bond) strength of
the paper product devoid of the co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion.

According to a third aspect, the present invention 1is
directed to a coated paper product, wherein the coating
comprises a co-processed microfibrillated cellulose and
inorganic particulate material composition, and wherein the
coated paper product has: 1. a first gloss greater than a second
gloss of the coated paper product comprising a coating
composition devoid of the co-processed microfibrillated
cellulose and 1norganic particulate material composition;
and/or 11. a first stiflness greater than a second stiflness of the
coated paper product comprising a coating composition
devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition; and/or 111. a {irst
barrier property which 1s improved compared to a second
barrier property of the coated paper product comprising a
coating composition devoid of the co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion.

According to a fourth aspect, the present invention 1s
directed to a polymer composition comprising a Co-pro-
cessed microfibrillated cellulose and 1norganic particulate
material composition.

According to a fifth aspect, the present invention 1s
directed to a papermaking composition comprising a co-
processed microfibrillated cellulose and inorganic particu-
late material composition, wherein the papermaking com-
position has a first cationic demand lower than a second
cationic demand of the papermaking composition devoid of
the co-processed microfibrillated cellulose and inorganic
particulate material composition.

According to a sixth aspect, the present invention 1s
directed to a papermaking composition comprising a co-
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processed microfibrillated cellulose and 1norganic particu-
late material composition, wherein the papermaking com-
position 1s substantially devoid of retention aids.

According to a seventh aspect, the present invention 1s
directed to a paper product comprising a co-processed
microfibrillated cellulose and 1norganic particulate material
composition, wherein the paper product has a first formation
index lower than a second formation index of the paper
product devoid of the co-processed microfibrillated cellu-
lose and 1norganic particulate material composition.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

As used herein, “co-processed microfibrillated cellulose
and morganic particulate material composition” refers to
compositions produced by the processes for microfibrillat-
ing fibrous substrates comprising cellulose in the presence of
an 1norganic particulate material as described herein.

Unless otherwise stated, “functional coating” refers to a
coating or coatings applied to the surface of a paper product
to modily, enhance, upgrade and/or optimize one or more
non-graphical properties of said paper product (i.e., proper-
ties primarily unrelated to the graphical properties of the
paper). In embodiments, the functional coating 1s not one
which comprises a co-processed microfibrillated cellulose
and 1norganic particulate material composition. For
example, the functional coating may be a polymer, a metal,
an aqueous composition, a liquid barrier layer or a printed
clectronics layer.

Paper Products

In certain embodiments, the paper products comprise a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition incorporated into the paper
pulp (e.g., in the paper base as a filler composition). For

example, the paper products may comprise at least about 0.5
wt. %, at least about 5 wt. %, at least about 10 wt. %, at least
about 15 wt. %, at least about 20 wt. %, at least about 25 wt.
%, at least about 30 wt. %, or at least about 35 wt. % of a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition, based on the total weight of
the paper product. Generally, the paper products will com-
prise no more than about 50 wt. %, for example, no more
than about 45 wt. %, or no more than about 40 wt. % of a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition. In a particular embodiment,
the paper product comprises from about 25% to about 35%
wt. % ol a co-processed microfibrillated cellulose and 1nor-
ganic particulate material composition. The fibre content of
the co-processed microfibrillated cellulose and inorganic
particulate material composition may be at least about 2 wt.
%, at least about 3 wt. %, at least about 4 wt. %, at least
about 5 wt. %, at least about 6 wt. %, at least about 7 wt. %,
at least about 8 wt. %, at least about 10 wt. %, at least about
11 wt. %, at least about 12 wt. %, at least about 13 wt. %,
at least about 14 wt. % or at least about 15. wt. %. Generally,
the fibre content of the co-processed microfibrillated cellu-
lose and inorganic particulate material composition will be
less than about 25 wt. %, for example, less than about 20 wt.
%.

After co-processing to form the co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion, additional 1norganic particulate may be added (e.g., by
blending or mixing) to reduce the fibre content of the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition.
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In particular embodiments, the paper products comprising,
a co-processed microfibrillated cellulose and 1norganic par-
ticulate material composition have a lower porosity as
compared to the paper products produced without (i.e.,
devoid of) the co-processed microfibrillated cellulose and
inorganic particulate material composition. For instance, the
porosity of the paper products comprising a co-processed
microfibrillated cellulose and 1norganic particulate material
composition may have a porosity about 10% less porous,
about 20% less porous, about 30% less porous, about 40%
less porous, or about 50% less porous than a porosity of the
paper products devoid of the co-processed microfibrillated
cellulose and 1norganic particulate material composition.
Such a reduction in porosity may provide improved coating,
hold-out for coated paper products comprising a co-pro-
cessed microfibrillated cellulose and 1norganic particulate
material. Such a reduction 1n porosity may enable a reduc-
tion 1n coat weight for coated paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material without compromising the physical and/or
mechanical properties of the coated paper product.

In an embodiment, porosity 1s determined using a Bendt-
sen Model 5 porosity tester in accordance with SCAN P21,
SCAN P60, BS 4420 and Tappi UM 535.

In other embodiments, the paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition have a tensile strength about
2% greater, about 5% greater, about 10% greater, about 15%
greater, about 20% greater, or about 25% greater than a
tensile strength ol the paper products devoid of a co-
processed microfibrillated cellulose and inorganic particu-
late material composition (e.g., the paper product has the
same filler loading).

In further embodiments, the paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition have a tear strength about 2%
greater, about 5% greater, about 10% greater, about 15%
greater, about 20% greater, or about 25% greater than a tear
strength of the paper products devoid of a co-processed
microfibrillated cellulose and 1norganic particulate material
composition (e.g., the paper product has the same filler
loading). Such low porosity, strong paper products may
comprise functional papers such as gaskets, grease proof
papers, linerboard for plasterboard, flame retardant papers,
wall papers, laminates, or other functional paper products.

In an embodiment, tensile strength 1s determined using a
Testometrics tensile tester according to SCAN P16.

In further embodiments, the paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition have a z-direction (internal
bond) strength about 2% greater, about 5% greater, about
10% greater, about 13% greater, about 20% greater, or about
25% greater than a z-direction (internal bond) strength of the
paper products devoid of a co-processed microfibrillated
cellulose and 1norganic particulate material composition
(e.g., the paper product has the same filler loading).

In an embodiment, z-direction (internal bond) strength 1s
determined using a Scott bond tester according to TAPPI
T569.

In certain embodiments, the paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may be coated. Particular
embodiments of the coated paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may have an increased gloss as
compared to the coated paper product devoid of the co-
processed microfibrillated cellulose and inorganic particu-
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late material composition. For example, the coated paper
products comprising a co-processed microfibrillated cellu-
lose and 1norganic particulate material composition may
have a gloss about 5% greater, about 10% greater, or about
20% greater than the coated paper products devoid of the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition.

In an embodiment, gloss 1s determined 1n accordance with
TAPPI method T 480 om-05 (Specular gloss of paper and
paperboard at 75 degrees).

In other embodiments, the coated paper products com-
prising a co-processed microfibrillated cellulose and 1nor-
ganic particulate material composition may have improved
print properties such as print gloss, snap, print density,
picking speed or percent missing dots.

In other embodiments, the coated paper products com-
prising a co-processed microfibrillated cellulose and 1nor-
ganic particulate material composition may have a lower
moisture vapour transmission rate (MVTR, tested 1n accor-
dance with a modified version of TAPPI 1448 using silica
gel as the desiccant and a relative humadity of 50%) as
compared to the coated paper product devoid of the co-
processed microfibrillated cellulose and 1norganic particu-
late material composition. For example, the coated paper
products comprising a co-processed microfibrillated cellu-
lose and inorganic particulate material composition may
have a MVTR about 2% less, about 4% less, about 6% less,
about 8% less, about 10% less, about 12% less, about 15%
less, or about 20% less than the coated paper products
devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition (e.g., the coated
paper product has the same filler loading).

In certain embodiments, the paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may serve as a base for
functional coatings such as coatings for liquid packaging,
barrier coatings, and coatings for printed electronics. The
paper products comprising a co-processed microfibrillated
cellulose and 1norganic particulate material composition
provide a smooth surface for the functional coatings to be
applied on. For example, the paper products may include a
barrier coating comprising a polymer, a metal, an aqueous
composition (e.g., a water-based barrier layer), or a combi-
nation thereof.

The aqueous composition may comprise one or more of
the inorganic particulate materials described herein. For
example, the aqueous composition may comprise kaolin,
such as platy kaolin or hyper-platy kaolin. By ‘platy” kaolin
1s meant kaolin a kaolin product having a high shape factor.
A platy kaolin has a shape factor from about 20 to less than
about 60. A hyper-platy kaolin has a shape factor from about
60 to 100 or even greater than 100. “Shape factor”, as used
herein, 1s a measure of the ratio of particle diameter to
particle thickness for a population of particles of varying
s1ze and shape as measured using the electrical conductivity
methods, apparatuses, and equations described 1n U.S. Pat.
No. 5,576,617, which 1s incorporated herein by reference.
As the technique for determining shape factor 1s further
described 1n the *617 patent, the electrical conductivity of a
composition of an aqueous suspension of orientated particles
under test 1s measured as the composition flows through a
vessel. Measurements ol the electrical conductivity are
taken along one direction of the vessel and along another
direction of the vessel transverse to the first direction. Using
the difference between the two conductivity measurements,
the shape factor of the particulate material under test 1s
determined.
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In some embodiments, the paper products comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition provide a low permeability
surface for application of the functional coatings such that
there 1s little or no penetration of the functional coating into
the paper product. Thus, thinner, fewer, and/or non-poly-
meric Tunctional coatings might be used to achieve a desired
function (e.g., barrier function). In certain embodiments, the
coated papers products comprising a co-processed microfi-
brillated cellulose and inorganic particulate material com-
position may have improved o1l resistance (as measured
using an o1l based-solution of Sudan Red IV 1n dibutyl
phthalate using an IGT printing unit) as compared to the
coated paper product devoid of the co-processed microfi-
brillated cellulose and inorganic particulate material com-
position. For example, the coated paper products comprising
a co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may have an o1l resistance
which 1s about 2% greater, about 4% greater, about 6%
greater, about 8% greater, or about 10% greater than the
coated paper products devoid of the co-processed microfi-
brillated cellulose and inorganic particulate material com-
position (e.g., the coated paper product has the same filler
loading).

Improved Paper Making and Sheet Properties

In some embodiments, the paper products comprising a
co-processed microfibrillated cellulose and 1norganic par-
ticulate material composition allow for improved processes
for making such paper products. For mstance, by including
a co-processed microfibrillated cellulose and inorganic par-
ticulate material composition in the paper furnish, the wet
end processing of the paper base may not require pre-
treatment (e.g., addition of cationic polymers). In addition,
as compared to a paper furnish including microfibrillated
cellulose, a paper furnish including a co-processed micro-
fibrillated cellulose and inorganic particulate material com-
position has lower or no change in cationic demand,
improved retention, and improved formation. In some
embodiments 1n which retention 1s 1mproved by the co-
processed microfibrillated cellulose and 1norganic particu-
late material composition used in the paper product, use of
retention aids may be reduced or eliminated and damage to
the paper products resulting from the retention aids may be
avoided.

Cationic demand of a sample of papermaking furnish 1s
indicated by the amount of highly charged cationic polymer
required to neutralize 1ts surface. A streaming current test
may be used to determine catiomic demand, based on the
amount of cationic titrant (e.g., poly-DADMAC) required to
reach a zero signal. Another way to determine the endpoint
1s by evaluating the zeta potential after each incremental
addition of titrant. Another strategy for determining cationic
demand 1s to mix the sample with a known excess of cationic
titrant, filter to remove the solids, and then back-titrate to a
color endpoint (colloidal titration). In embodiments, the
cationic demand of a papermaking furnish comprising the
co-processed microfibrillated cellulose and 1norganic par-
ticulate material composition 1s comparable to or less than
the cationic demand of a papermaking furnish devoid of the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition (e.g., the paper furnish has the
same filler loading).

In an embodiment, cationic demand (also known as
‘anionic charge’) 1s measured using a Mutek PCD 03
Titrator 1n accordance with the method described below 1n
the ‘Examples’.
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Retention 1s a general term for the process of keeping fine
particles and fibre fines within the web of paper as 1t 1s being,
formed. First-pass retention gives a practical indication of
the efliciency by which these fine materials are retained in
the web of paper as it 1s being formed. In certain embodi-
ments, the first-pass retention of a paper furnish comprising,
the co-processed microfibrillated cellulose and inorganic
particulate material composition 1s greater, for example, at
least about 2% greater, about 5% greater, or about 10%
greater than a paper furnish devoid of the co-processed
microfibrillated cellulose and 1norganic particulate material
composition (e.g., the paper furnish has the same filler
loading).

In an embodiment, first-pass retention 1s determined on
the basis of the solids measurement 1n the headbox (HD) and
in the white water (WW) tray and 1s calculated according to
the following formula:

Retenﬁﬂn:[(ﬂﬁsc}ﬁﬂﬁ_ Wh safids)/HBsaffds]x 100

Ash retention (as determined by incineration) during
paper formation may be improved in paper products formed
from a paper furnish comprising the co-processed microfi-
brillated cellulose and inorganic particulate material com-
position compared to a paper furnish devoid of the co-
processed microfibrillated cellulose and 1norganic
particulate material composition (e.g., the paper furnish has
the same filler loading). In embodiments, as retention during,
paper formation formed from a paper furnish comprising the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition 1s at least about 5%, at least
about 10%, at least about 15%, at least about 20%, or at least
about 25% greater than a paper furnish devoid of the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition (e.g., the paper furnish has the
same filler loading).

In an embodiment, ash retention 1s determined following
the same principles as first-pass retention, but based on the
weight of the ash component 1n the headbox (HB) and in the
white water (WW) tray, and 1s calculated according to the
tollowing formula:

Ash retention=[(HB__,-WW __VHE__|x100

Paper formation 1s the resulting non-uniform distribution
of fibers, fiber fragments, mineral fillers, and chemical
additives on the paper forming web. Formation may be
characterized by the small-scale basis weight variation in the
plane of the paper sheet. Another way of describing forma-
tion 1s the variability of the basis weight of paper. The
uneven structure of paper may be seen with the naked eye at
length scales ranging from fractions of a millimeter to a few
centimeters. In certain embodiments, the formation index
(PTS) of a paper furnish comprising the co-processed micro-
fibrillated cellulose and 1norganic particulate material com-
position 1s at least about 5% less, about 10% less, about 15%
less, about 20%, or about 25% less than a paper furnish
devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition (e.g., the paper
furmish has the same filler loading).

In an embodiment, formation index (PTS) 1s determined
using the DOMAS software developed by PTS 1n accor-
dance with the measurement method described 1n section
10-1 of their handbook, ‘DOMAS 2.4 User Guide’.

In other embodiments, a paper board product comprising
a co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may have improved foldability
and/or crack resistance.
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Paper products comprising a co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion also may have a combination of improved sheet prop-
erties. For example, the paper product sheets comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition have improved strength prop-
erties and improved formation. Without being bound by a
particular theory, such a combination 1s surprising because
it 1s believed that additional refining or fibrillation undesir-
ably damages paper formation due to reduced stability that
leads to a propensity to flocculate, but may increase paper
sheet strength.

In other embodiments, the paper product sheets compris-
ing a co-processed microfibrillated cellulose and 1norganic
particulate material composition have improved tensile
strength, tear strength and z-direction strength (internal
bond). This 1s surprising since normally 1n pulp refining, as
tensile strength increases, tear strength and/or z-directional
strength will decrease. For example, paper product sheets
comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a ten-
sile strength which is at least about 2% greater, at least about
3% greater, at least about 4% greater, at least about 3%
greater, at least about 6% greater, at least about 7% greater,
at least about 8% greater, at least about 9%, at least about
10% greater, at least about 12% greater, at least about 15%
greater, or at least about 20% greater than paper product
sheets devoid of the co-processed microfibrillated cellulose
and 1norganic particulate material composition (e.g., the
paper product sheet has the same filler loading). In other
embodiments, paper product sheets comprising a co-pro-
cessed microfibrillated cellulose and 1norganic particulate
material composition may have a tear strength which 1s at
least about 5% greater, at least about 10% greater, at least
about 15% greater, at least about 20% greater, or at least
about 25% greater than paper product sheets devoid of the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition (e.g., the paper product sheet
has the same filler loading). In other embodiments the paper
product sheets comprising a co-processed microfibrillated
cellulose and 1norganic particulate material composition
have a combination of improved tensile strength and
improved tear strength. For example, paper product sheets
comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a ten-
sile strength which 1s from about 2% to about 10% greater
than paper product sheets devoid of the co-processed micro-
fibrillated cellulose and inorganic particulate material com-
position, and a tear strength from about 5% to about 25%
greater than paper product sheets devoid of the co-processed
microfibrillated cellulose and 1norganic particulate material
composition.

In an embodiment, tear strength 1s determined in accor-
dance with TAPPI method T 414 om-04 (Internal tearing
resistance of paper (Elmendori-type method).

In other embodiments, the paper product sheets compris-
ing a co-processed microfibrillated cellulose and 1norganic
particulate material composition have improved tensile
strength and 1mproved scatter (1.¢., optical) properties, €.g.,
sheet light scattering and sheet light absorption. Again, this
1s surprising since normally, as tensile strength increases,
sheet light scatter decreases. In certain embodiments the
paper product sheets comprising a co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion may have a sheet light scattering coefficient (inm” kg™,
measured using filters 8 and 10) which 1s at least about 2%
greater, at least about 3% greater, at least about 4% greater,




US 11,655,594 B2

9

at least about 5% greater, at least about 6% greater, at least
about 7% greater, at least about 8% greater, at least about 9%
greater, or at least about 10% greater than paper product
sheets devoid of the co-processed microfibrillated cellulose
and 1norganic particulate material composition (e.g., the
paper product sheet has the same filler loading). In other
embodiments the paper product sheets comprising a co-
processed microfibrillated cellulose and 1norganic particu-
late material composition have a combination of improved
tensile strength and/or improved tear strength, and improved
light scattering. For example, paper product sheets compris-
ing a co-processed microfibrillated cellulose and 1norganic
particulate material composition may have a tensile strength
which 1s from about 2% to about 10% greater than paper
product sheets devoid of the co-processed microfibrillated
cellulose and inorganic particulate material composition,
and/or a tear strength from about 5% to about 25% greater
than paper product sheets devoid of the co-processed micro-
fibrillated cellulose and 1norganic particulate material com-
position, and a sheet light scattering coeflicient (in m* kg™*,
measured using filters 8 and 10) which 1s from about 2% to
about 10% greater, for example, from about 2% to about 5%
greater than paper product sheets devoid of the co-processed
microfibrillated cellulose and 1norganic particulate material
composition (e.g., the paper product sheet has the same filler
loading).

In an embodiment, sheet light scattering and absorption
coellicients are measured using reflectance data from an
Elrepho instrument: R ini=reflectance of stack of 10 sheets,
Ro=reflectance of 1 sheet over a black cup, and these values
and the substance (gm™°) of the sheet are inputted into the
Kubelka—Munk equations described 1n “Paper Optics™ by
Nils Pauler, (published by Lorentzen and Wettre, ISBN
01-971-765-6-7), p. 29-36.

Bursting strength 1s widely used as a measure of resis-
tance to rupture 1n many kinds of paper. In certain embodi-
ments, the paper product sheets comprising a co-processed
microfibrillated cellulose and 1norganic particulate material
composition may have a burst strength which 1s at least
about 5% greater, at least about 10% greater, at least about
15% greater, at least about 20% greater, or at least about
25% greater than paper product sheets devoid of the co-
processed microfibrillated cellulose and 1norganic particu-
late material composition (e.g., the paper product sheet has
the same filler loading).

In an embodiment, Burst Strength 1s determined using a
Messemer Biichnel burst tester according to SCAN P 24,

In certain embodiments, such improved paper product
sheet properties may be achieved in paper product sheets
comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition including micro-
fibrillated cellulose having a d., ranging from about 25 um
to about 250 um, more preferably from about 30 um to about
150 um, even more preferably from about 50 um to about
140 um, still more preterably from about 70 um to about 130
um, and most preferably from about 50 um to about 120 pum.
In particular embodiments, the microfibrillated cellulose of
the co-processed microfibrillated cellulose and inorganic
particulate material composition has a high steepness (as
defined below) directed towards a desired d.,. In one
embodiment, a steep particle size distribution of the micro-
fibrillated cellulose may be produced by microfibrillation of
the fibrous substrate comprising cellulose in the presence of
the morganic particulate material 1n a batch process in which
the resulting co-processed microfibrillated cellulose and
inorganic particulate material composition having the
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desired microfibrillated cellulose steepeness may be washed
out of the micrifibrillation apparatus with water or any other
liquad.

In certain embodiments, the microfibrillated cellulose of
the co-processed microfibrillated cellulose and inorganic
particulate material composition has a monomodal particle
size distribution. In other embodiments, the microfibrillated
cellulose of the co-processed microfibrillated cellulose and
inorganic particulate material composition has a multimodal
particle size distribution produced by, for example, less or
partial microfibrillation of the fibrous substrate comprising
cellulose 1n the presence of the mmorganic particulate mate-
rial.

Coatings

In certain embodiments, the coatings may comprise a
co-processed microfibrillated cellulose and 1norganic par-
ticulate material composition. The coatings comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may also be used as functional
papers such as those used for liquid packaging, barrier
coatings, or printed electronics applications. For example,
the functional coating may be a barrier layer, e.g., a liquad
barrier layer, or the functional coating may be a printed
clectronics layer.

The coating comprising a co-processed microfibrillated
cellulose and 1norganic particulate material composition
may be applied to a paper product to produce a paper
product or paper coating having greater strength properties
(c.g., tensile strength, tear strength and stiflness), greater
gloss, and/or improved print properties (e.g., print gloss,
snap, print density, or percent missing dots). For example,
the paper product coated with a coating comprising a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may have a tensile strength
about 5% greater, about 10% greater, or about 20% greater
than a tensile strength of the paper product coated with a
coating devoid of a co-processed microfibrillated cellulose
and 1norganic particulate material composition. In certain
embodiments, the paper product coated with a coating
comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a tear
strength about 5% greater, about 10% greater, or about 20%
greater than a tear strength of the paper product coated with
a coating devoid of a co-processed microfibrillated cellulose
and 1norganic particulate material composition. In certain
embodiments, the paper product coated with a coating
comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a stifl-
ness about 5% greater, about 10% greater, or about 20%
greater than a stiflness of the paper product coated with a
coating devoid of a co-processed microfibrillated cellulose
and 1norganic particulate material composition. In some
embodiments, the paper product coated with a coating
comprising a co-processed microfibrillated cellulose and
inorganic particulate material composition may have a gloss
about 5% greater, about 10% greater, or about 20% greater
than a gloss of the paper product coated with a coating
devoid of a co-processed microfibrillated cellulose and
inorganic particulate material composition. In some embodi-
ments, the paper product coated with a coating comprising
a co-processed microfibrillated cellulose and inorganic par-
ticulate material composition may have a barrier property
which 1s improved compared to barrier property of the paper
product coated with a coating devoid of a co-processed
microfibrillated cellulose and 1norganic particulate material
composition. The barrier property may be selected from the
rate at which one or more of oxygen, moisture, grease and
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aromas pass (1.e., transmitted) pass through the coated paper
product. The coating comprising a co-processed microfibril-
lated cellulose and 1norganic particulate material composi-
tion may therefore slow down or ameliorate (1.e., decrease)
the rate at which one or more of oxygen, moisture, grease 53
and aromas pass through the coated paper product.

In embodiments, tensile strength, tear strength and gloss
are determined 1n accordance with the methods described
above.

In embodiments, stiflness (i.e., elastic modulus) 1s deter- 10
mined 1n accordance with the stiflness measurement method
described 1n J. C. Husband, L. F. Gate, N. Norouzi, and D.
Blair, ““The Influence of kaolin Shape Factor on the Stiflness
of Coated Papers”, TAPPI Journal, June 2009, p. 12-17 (see
in particular the section entitled ‘Experimental Methods’); 15
and J. C. Husband, J. S. Preston, L.. F. Gate, A. Storer, and
P. Creaton, ““The Influence of Pigment Particle Shape on the
In-Plane tensile Strength Properties of Kaolin-based Coating
Layers”, TAPPI Journal, December 2006, p. 3-8 (see 1n
particular the section entitled ‘Experimental Methods’). 20

In an embodiment, the inorganic particulate material 1s
kaolin. Advantageously, the kaolin i1s a platy kaolin or a
hyper-play kaolin.

Dispersible Compositions

In certain embodiments, the co-processed microfibrillated 25
cellulose and 1norganic particulate material composition
may be in the form of a dry or substantially dry, re-
dispersable composition, as produced by the processes
described herein or by any other drying process known 1n the
art (e.g., freeze-drying). The dried co-processed microfibril- 30
lated cellulose and 1norganic particulate material composi-
tion may be easily dispersed in aqueous or non-aqueous
medium (e.g., polymers).

Thus, 1n accordance with the third aspect of the present
invention, there 1s provided a polymer composition com- 35
prising the co-processed microfibrillated cellulose and 1nor-
ganic particulate material composition described herein.

The polymer composition may comprise at least about 0.5
wt. %, at least about 5 wt. %, at least about 10 wt. %, at least
about 15 wt. %, at least about 20 wt. %, at least about 25 wt. 40
%, at least about 30 wt. %, or at least about 35 wt. % of a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition, based on the total weight of
the polymer composition. Generally, the polymer will com-
prise¢ no more than about 50 wt. %, for example, no more 45
than about 45 wt. %, or no more than about 40 wt. % of a
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition. In a particular embodiment,
the polymer composition comprises ifrom about 25% to
about 35% wt. % of a co-processed microfibrillated cellu- 50
lose and 1norganic particulate material composition. The
fibre content of the co-processed microfibrillated cellulose
and 1norganic particulate material composition may be at
least about 2 wt. %, at least about 3 wt. %, at least about 4
wit. %, at least about 5 wt. %, at least about 6 wt. %, at least 55
about 7 wt. %, at least about 8 wt. %, at least about 10 wt.

%, at least about 11 wt. %, at least about 12 wt. %, at least
about 13 wt. %, at least about 14 wt. % or at least about 135.
wt. %. Generally, the fibre content of the co-processed
microfibrillated cellulose and 1norganic particulate material 60
composition will be less than about 25 wt. %, for example,
less than about 20 wt. %.

The polymer may comprise any natural or synthetic
polymer or mixture thereof. The polymer may, for example,
be thermoplastic or thermoset. The term “polymer” used 65
herein includes homopolymers and/or copolymers, as well
as crosslinked and/or entangled polymers.

12

Polymers, including homopolymers and/or copolymers,
comprised in the polymer composition of the present inven-
tion may be prepared from one or more of the following
monomers: acrylic acid, methacrylic acid, methyl methacry-
late, and alkyl acrylates having 1-18 carbon atoms in the
alkyl group, styrene, substituted styrenes, divinyl benzene,
diallyl phthalate, butadiene, vinyl acetate, acrylonitrile,
methacrylonitrile, maleic anhydride, esters of maleic acid or
fumaric acid, tetrahydrophthalic acid or anhydride, itaconic
acid or anhydrnide, and esters of itaconic acid, with or
without a cross-linking dimer, trimer, or tetramer, crotonic
acid, neopentyl glycol, propylene glycol, butanediols, eth-
ylene glycol, diethylene glycol, dipropylene glycol, glyc-
erol, cyclohexanedimethanol, 1,6 hexanediol, trimethyol-
propane, pentaerythritol, phthalic anhydride, 1sophthalic
acid, terephthalic acid, hexahydrophthalic anyhydride, adi-
pic acid or succinic acids, azelaic acid and dimer fatty acids,
toluene diisocyanate and diphenyl methane diisocyanate.
Copolymers comprising methyl methacrylate and styrene
monomers are preferred.

The polymer may be selected from one or more of
polymethylmethacrylate (PMMA), polyacetal, polycarbon-
ate, polyacrylonitrile, polybutadiene, polystyrene, polyacry-
late, polypropylene, epoxy polymers, unsaturated polyes-
ters, polyurethanes, polycyclopentadienes and copolymers

thereof. Suitable polymers also include liquid rubbers, such
as silicones.

Preparation of the polymer compositions of the present
invention can be accomplished by any suitable mixing
method known 1n the art, as will be readily apparent to one
of ordinary skill 1n the art.

Such methods include blending of the individual compo-
nents or precursors thereol and subsequent processing in a
conventional manner. Certain of the ingredients can, 1f
desired, be pre-mixed before addition to the compounding
mixture.

In the case of thermoplastic polymer compositions, such
processing may comprise melt mixing, either directly 1n an
extruder for making an article from the composition, or
pre-mixing in a separate mixing apparatus. Dry blends of the
individual components can alternatively be directly injection
moulded without pre-melt mixing.

The polymer composition can be prepared by mixing of
the components thereol intimately together. The said co-
processed microfibrillated cellulose and inorganic particu-
late material composition may then be suitably blended with
the polymer and any desired additional components, before
processing as described above.

For the preparation of cross-linked or cured polymer
compositions, the blend of uncured components or their
precursors, and, 1f desired, the co-processed microfibrillated
cellulose and morganic particulate material composition and
any desired non-perlite component(s), will be contacted
under suitable conditions of heat, pressure and/or light with
an eflective amount of any suitable cross-linking agent or
curing system, according to the nature and amount of the
polymer used, 1n order to cross-link and/or cure the polymer.

For the preparation of polymer compositions where the
co-processed microfibrillated cellulose and inorganic par-
ticulate material composition and any desired other compo-
nent(s) are present in situ at the time of polymerisation, the
blend of monomer(s) and any desired other polymer pre-
cursors, co-processed microfibrillated cellulose and 1nor-
ganic particulate material composition and any other com-
ponent(s) will be contacted under suitable conditions of
heat, pressure and/or light, according to the nature and
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amount of the monomer(s) used, 1n order to polymerise the
monomer(s) with the perlite and any other component(s) in
situ.

The Fibrous Substrate Comprising Cellulose

The fibrous substrate comprising cellulose may be derived
from any suitable source, such as wood, grasses (e.g.,
sugarcane, bamboo) or rags (e.g., textile waste, cotton, hemp
or tlax). The fibrous substrate comprising cellulose may be
in the form of a pulp (i.e., a suspension of cellulose fibres 1n
water), which may be prepared by any suitable chemical or
mechanical treatment, or combination thereof. For example,
the pulp may be a chemical pulp, or a chemithermomechani-
cal pulp, or a mechanical pulp, or a recycled pulp, or a
papermill broke, or a papermill waste stream, or waste from
a papermill, or a combination thereol. The cellulose pulp
may be beaten (for example in a Valley beater) and/or
otherwise refined (for example, processing i a conical or
plate refiner) to any predetermined freeness, reported 1n the
art as Canadian standard freeness (CSF) in cm”. CSF means
a value for the freeness or drainage rate of pulp measured by
the rate that a suspension of pulp may be drained. For
example, the cellulose pulp may have a Canadian standard
freeness of about 10 cm® or greater prior to being microfi-
brillated. The cellulose pulp may have a CSF of about 700
cm” or less, for example, equal to or less than about 650 cm”,
or equal to or less than about 600 cm, or equal to or less
than about 550 cm®, or equal to or less than about 500 cm”,
or equal to or less than about 450 cm”, or equal to or less
than about 400 cm”, or equal to or less than about 350 cm”,
or equal to or less than about 300 cm”, or equal to or less
than about 250 cm”, or equal to or less than about 200 cm”,
or equal to or less than about 150 cm’, or equal to or less
than about 100 ¢cm’, or equal to or less than about 50 cm”.
The cellulose pulp may then be dewatered by methods well
known in the art, for example, the pulp may be filtered
through a screen in order to obtain a wet sheet comprising,
at least about 10% solids, for example at least about 15%
solids, or at least about 20% solids, or at least about 30%
solids, or at least about 40% solids. The pulp may be utilised
in an unrefined state, that 1s to say without being beaten or
dewatered, or otherwise refined.

The fibrous substrate comprising cellulose may be added
to a grinding vessel or homogenizer 1n a dry state. For
example, a dry paper broke may be added directly to the
grinder vessel. The aqueous environment in the grinder
vessel will then facilitate the formation of a pulp.

The Inorganic Particulate Material

The 1morganic particulate material may, for example, be an
alkaline earth metal carbonate or sulphate, such as calcium
carbonate, magnestum carbonate, dolomite, gypsum, a
hydrous kandite clay such as kaolin, halloysite or ball clay,
an anhydrous (calcined) kandite clay such as metakaolin or
tully calcined kaolin, talc, mica, huntite, hydromagnesite,
ground glass, perlite or diatomaceous earth, or magnesium
hydroxide, or aluminium trihydrate, or combinations
thereof.

A preferred norganic particulate material for use in the
method according to the first aspect of the present invention
1s calcium carbonate. Hereafter, the invention may tend to be
discussed i1n terms of calcium carbonate, and 1n relation to
aspects where the calcium carbonate 1s processed and/or
treated. The 1nvention should not be construed as being
limited to such embodiments.

The particulate calctum carbonate used i1n the present
invention may be obtained from a natural source by grind-
ing. Ground calcium carbonate (GCC) 1s typically obtained
by crushing and then grinding a mineral source such as
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chalk, marble or limestone, which may be followed by a
particle size classification step, 1n order to obtain a product
having the desired degree of fineness. Other techniques such
as bleaching, flotation and magnetic separation may also be
used to obtain a product having the desired degree of
fineness and/or colour. The particulate solid material may be
ground autogenously, 1.¢. by attrition between the particles
of the solid matenial themselves, or, alternatively, in the
presence of a particulate grinding medium comprising par-
ticles of a different material from the calcium carbonate to
be ground. These processes may be carried out with or
without the presence of a dispersant and biocides, which
may be added at any stage of the process.

Precipitated calcium carbonate (PCC) may be used as the
source of particulate calcium carbonate 1n the present mnven-
tion, and may be produced by any of the known methods
available 1n the art. TAPPI Monograph Series No 30, “Paper
Coating Pigments”, pages 34-35 describes the three main
commercial processes for preparing precipitated calcium
carbonate which 1s suitable for use i1n preparing products for
use 1n the paper industry, but may also be used 1n the practice
of the present mvention. In all three processes, a calcium
carbonate feed material, such as limestone, 1s first calcined
to produce quicklime, and the quicklime 1s then slaked in
water to yield calcium hydroxide or milk of lime. In the first
process, the milk of lime 1s directly carbonated with carbon
dioxide gas. This process has the advantage that no by-
product 1s formed, and it 1s relatively easy to control the
properties and purity of the calcium carbonate product. In
the second process the milk of lime 1s contacted with soda
ash to produce, by double decomposition, a precipitate of
calcium carbonate and a solution of sodium hydroxide. The
sodium hydroxide may be substantially completely sepa-
rated from the calcium carbonate i1f this process 1s used
commercially. In the third main commercial process the milk
of lime 1s first contacted with ammonium chloride to give a
calcium chloride solution and ammonia gas. The calcium
chloride solution 1s then contacted with soda ash to produce
by double decomposition precipitated calcium carbonate
and a solution of sodium chlonde. The crystals can be
produced 1n a variety of diflerent shapes and sizes, depend-
ing on the specific reaction process that 1s used. The three
main forms of PCC crystals are aragonite, rhombohedral and
scalenohedral (e.g., calcite), all of which are suitable for use
in the present invention, mcluding mixtures thereof.

Wet grinding of calcium carbonate involves the formation
of an aqueous suspension of the calcium carbonate which
may then be ground, optionally 1n the presence of a suitable
dispersing agent. Reference may be made to, for example,
EP-A-614948 (the contents of which are incorporated by
reference 1n their entirety) for more imformation regarding,

the wet grinding of calcium carbonate.

In some circumstances, minor additions of other minerals
may be included, for example, one or more of kaolin,
calcined kaolin, wollastonite, bauxite, talc or mica, could
also be present.

When the inorganic particulate material of the present
invention 1s obtained from naturally occurring sources, it
may be that some mineral impurities will contaminate the
ground material. For example, naturally occurring calcium
carbonate can be present in association with other minerals.
Thus, in some embodiments, the mnorganic particulate mate-
rial includes an amount of 1mpurities. In general, however,
the mnorganic particulate material used 1n the invention will
contain less than about 5% by weight, preferably less than
about 1% by weight, of other mineral impurities.
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The 1norganic particulate material used during the micro-
fibrillating step of the method of the present invention will
preferably have a particle size distribution 1n which at least
about 10% by weight of the particles have an e.s.d of less
than 2 um, for example, at least about 20% by weight, or at
least about 30% by weight, or at least about 40% by weight,
or at least about 50% by weight, or at least about 60% by
weilght, or at least about 70% by weight, or at least about
80% by weight, or at least about 90% by weight, or at least
about 95% by weight, or about 100% of the particles have
an ¢.s.d of less than 2 um.

Unless otherwise stated, particle size properties referred
to herein for the inorganic particulate materials are as
measured in a well known manner by sedimentation of the
particulate material 1n a fully dispersed condition 1n an
aqueous medium using a Sedigraph 5100 machine as sup-
plied by Micromeritics Instruments Corporation, Norcross,

Ga., USA (telephone: +1 770 662 3620; web-site: www.mi-

cromeritics.com), referred to herein as a “Micromeritics
Sedigraph 5100 unit”. Such a machine provides measure-
ments and a plot of the cumulative percentage by weight of
particles having a size, referred to in the art as the ‘equiva-
lent spherical diameter’ (e.s.d), less than given e.s.d values.
The mean particle size d., 1s the value determined in this
way of the particle e.s.d at which there are 50% by weight
of the particles which have an equivalent spherical diameter
less than that d., value.

Alternatively, where stated, the particle size properties
referred to herein for the morganic particulate matenals are
as measured by the well known conventional method
employed in the art of laser light scattering, using a Malvern
Mastersizer S machine as supplied by Malvern Instruments
Ltd (or by other methods which give essentially the same
result). In the laser light scattering technique, the size of
particles 1n powders, suspensions and emulsions may be
measured using the diffraction of a laser beam, based on an
application of Mie theory. Such a machine provides mea-
surements and a plot of the cumulative percentage by
volume of particles having a size, referred to in the art as the
‘equivalent spherical diameter’ (e.s.d), less than given e.s.d
values. The mean particle size d., 1s the value determined 1n
this way of the particle e.s.d at which there are 50% by
volume of the particles which have an equivalent spherical
diameter less than that d., value.

In another embodiment, the 1norganic particulate material
used during the microfibrillating step of the method of the
present invention will preferably have a particle size distri-
bution, as measured using a Malvern Mastersizer S machine,
in which at least about 10% by volume of the particles have
an e¢.s.d of less than 2 um, for example, at least about 20%
by volume, or at least about 30% by volume, or at least about
40% by volume, or at least about 50% by volume, or at least
about 60% by volume, or at least about 70% by volume, or
at least about 80% by volume, or at least about 90% by
volume, or at least about 95% by volume, or about 100% of
the particles by volume have an e.s.d of less than 2 pum.

Unless otherwise stated, particle size properties of the
microfibrillated cellulose matenals are as are as measured by
the well known conventional method employed 1n the art of
laser light scattering, using a Malvern Mastersizer S
machine as supplied by Malvern Instruments Ltd (or by
other methods which give essentially the same result).

Details of the procedure used to characterise the particle
s1ze distributions of mixtures of inorganic particle material
and microfibrillated cellulose using a Malvern Mastersizer S
machine are provided below.
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Another preferred inorganic particulate material for use 1n
the method according to the first aspect of the present
invention 1s kaolin clay. Hereafter, this section of the speci-
fication may tend to be discussed 1n terms of kaolin, and 1n
relation to aspects where the kaolin 1s processed and/or
treated. The mnvention should not be construed as being
limited to such embodiments. Thus, i1n some embodiments,
kaolin 1s used in an unprocessed form.

Kaolin clay used in this mvention may be a processed
material derived from a natural source, namely raw natural
kaolin clay mineral. The processed kaolin clay may typically
contain at least about 50% by weight kaolinite. For example,
most commercially processed kaolin clays contain greater
than about 75% by weight kaolinite and may contain greater
than about 90%, 1n some cases greater than about 95% by
weight of kaolinite.

Kaolin clay used in the present invention may be prepared
from the raw natural kaolin clay mineral by one or more
other processes which are well known to those skilled 1n the
art, for example by known refining or beneficiation steps.

For example, the clay mineral may be bleached with a
reductive bleaching agent, such as sodium hydrosulfite. IT
sodium hydrosulfite 1s used, the bleached clay mineral may
optionally be dewatered, and optionally washed and again
optionally dewatered, after the sodium hydrosulfite bleach-
ing step.

The clay mineral may be treated to remove impurities, €.
g. by flocculation, flotation, or magnetic separation tech-
niques well known 1n the art. Alternatively the clay mineral
used 1n the first aspect of the invention may be untreated in
the form of a solid or as an aqueous suspension.

The process for preparing the particulate kaolin clay used
in the present mmvention may also include one or more
comminution steps, €.g., grinding or milling. Light commi-
nution of a coarse kaolin 1s used to give suitable delamina-
tion thereof. The comminution may be carried out by use of
beads or granules of a plastic (e. g. nylon), sand or ceramic
egrinding or milling aid. The coarse kaolin may be refined to
remove 1mpurities and improve physical properties using
well known procedures. The kaolin clay may be treated by
a known particle size classification procedure, €.g., screen-
ing and centrifuging (or both), to obtain particles having a
desired d., value or particle size distribution.

The microfibrillating Process

In accordance with the first aspect of the invention, there
1s provided a method of preparing a composition for use as
a filler 1n paper or as a paper coating, comprising a step of
microfibrillating a fibrous substrate comprising cellulose 1n
the presence of an 1norganic particulate material. According
to particular embodiments of the present methods, the
microfibrillating step 1s conducted in the presence of an
inorganic particulate material which acts as a microfibril-
lating agent.

By microfibrillating 1s meant a process in which micro-
fibrils of cellulose are liberated or partially liberated as
individual species or as smaller aggregates as compared to
the fibres of the pre-microfibrillated pulp. Typical cellulose
fibres (1.e., pre-microfibrillated pulp) suitable for use 1n
papermaking include larger aggregates of hundreds or thou-
sands of individual cellulose microfibrils. By microfibrillat-
ing the cellulose, particular characteristics and properties,
including but not limited to the characteristic and properties
described herein, are imparted to the microfibrillated cellu-
lose and the compositions including the microfibrillated
cellulose.

The step of microfibrillating may be carried out 1n any
suitable apparatus, including but not limited to a refiner. In
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one embodiment, the microfibrillating step 1s conducted 1n a
ogrinding vessel under wet-grinding conditions. In another
embodiment, the microfibrillating step i1s carried out 1n a
homogenizer. Each of these embodiments 1s described in
greater detail below.

Wet-Grinding

The grinding 1s suitably performed in a conventional
manner. The grinding may be an attrition grinding process in
the presence of a particulate grinding medium, or may be an
autogenous grinding process, 1.e., one 1n the absence of a
ogrinding medium. By grinding medium i1s meant a medium
other than the inorganic particulate material which 1s co-
ground with the fibrous substrate comprising cellulose.

The particulate grinding medium, when present, may be
of a natural or a synthetic matenal. The grinding medium
may, for example, comprise balls, beads or pellets of any
hard mineral, ceramic or metallic material. Such materials
may 1include, for example, alumina, zirconia, zirconium
silicate, alumimium silicate or the mullite-rich matenal
which 1s produced by calciming kaolinitic clay at a tempera-
ture 1n the range of from about 1300° C. to about 1800° C.
For example, in some embodiments a Carbolite® grinding
media 1s preferred. Alternatively, particles of natural sand of
a suitable particle size may be used.

Generally, the type of and particle size of grinding
medium to be selected for use in the imvention may be
dependent on the properties, such as, e.g., the particle size
of, and the chemical composition of, the feed suspension of
maternial to be ground. Preferably, the particulate grinding
medium comprises particles having an average diameter in
the range of from about 0.1 mm to about 6.0 mm and, more
preferably, 1n the range of from about 0.2 mm to about 4.0
mm. The grinding medium (or media) may be present 1n an
amount up to about 70% by volume of the charge. The
erinding media may be present in amount of at least about
10% by volume of the charge, for example, at least about
20% by volume of the charge, or at least about 30% by
volume of the charge, or at least about 40% by volume of the
charge, or at least about 50% by volume of the charge, or at
least about 60% by volume of the charge.

The grinding may be carried out in one or more stages.
For example, a coarse inorganic particulate material may be
ground 1n the grinder vessel to a predetermined particle size
distribution, after which the fibrous matenial comprising
cellulose 1s added and the grinding continued until the
desired level of microfibrillation has been obtained. The
coarse 1norganic particulate material used 1n accordance
with the first aspect of this mvention imitially may have a
particle size distribution 1n which less than about 20% by
weilght of the particles have an e.s.d of less than 2 um, for
example, less than about 15% by weight, or less than about
10% by weight of the particles have an e.s.d. of less than 2
um. In another embodiment, the coarse inorganic particulate
material used in accordance with the first aspect of this
invention initially may have a particle size distribution, as
measured using a Malvern Mastersizer S machine, in which
less than about 20% by volume of the particles have an e.s.d
of less than 2 um, for example, less than about 13% by
volume, or less than about 10% by volume of the particles
have an e.s.d. of less than 2 um

The coarse 1norganic particulate material may be wet or
dry ground 1n the absence or presence of a grinding medium.
In the case of a wet grinding stage, the coarse 1norganic
particulate material 1s preferably ground 1n an aqueous
suspension in the presence of a grinding medium. In such a
suspension, the coarse inorganic particulate material may
preferably be present 1n an amount of from about 5% to
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about 85% by weight of the suspension; more preferably 1n
an amount of from about 20% to about 80% by weight of the
suspension. Most preferably, the coarse inorganic particulate
material may be present 1n an amount of about 30% to about
75% by weight of the suspension. As described above, the
coarse iorganic particulate material may be ground to a
particle size distribution such that at least about 10% by
weight of the particles have an e.s.d of less than 2 um, for
example, at least about 20% by weight, or at least about 30%
by weight, or at least about 40% by weight, or at least about
50% by weight, or at least about 60% by weight, or at least
about 70% by weight, or at least about 80% by weight, or at
least about 90% by weight, or at least about 95% by weight,
or about 100% by weight of the particles, have an e.s.d of
less than 2 um, after which the cellulose pulp 1s added and
the two components are co-ground to microfibrillate the
fibres of the cellulose pulp. In another embodiment, the
coarse 1morganic particulate material 1s ground to a particle
s1ze distribution, as measured using a Malvern Mastersizer
S machine such that at least about 10% by volume of the
particles have an e.s.d of less than 2 um, for example, at least
about 20% by volume, or at least about 30% by volume or
at least about 40% by volume, or at least about 50% by
volume, or at least about 60% by volume, or at least about
70% by volume, or at least about 80% by volume, or at least
about 90% by volume, or at least about 95% by volume, or
about 100% by volume of the particles, have an e.s.d of less
than 2 um, after which the cellulose pulp 1s added and the
two components are co-ground to microfibrillate the fibres
of the cellulose pulp

In one embodiment, the mean particle size (ds,) of the
inorganic particulate material 1s reduced during the co-
grinding process. For example, the d., of the i1norganic
particulate material may be reduced by at least about 10%
(as measured by a Malvern Mastersizer S machine), for
example, the d-, of the mnorganic particulate material may be
reduced by at least about 20%, or reduced by at least about
30%, or reduced by at least about 50%, or reduced by at least
about 50%, or reduced by at least about 60%, or reduced by
at least about 70%, or reduced by at least about 80%, or
reduced by at least about 90%. For example, an 1norganic
particulate material having a d., of 2.5 um prior to co-
orinding and a d<, of 1.5 um post co-grinding will have been
subject to a 40% reduction 1n particle size. In certain
embodiments, the mean particle size of the inorganic par-
ticulate material 1s not significantly reduced during the
co-grinding process. By ‘not significantly reduced’ 1s meant
that the d., of the inorganic particulate material 1s reduced
by less than about 10%, for example, the d., of the inorganic
particulate material 1s reduced by less than about 5%.

The fibrous substrate comprising cellulose may be micro-
fibrillated 1n the presence of an 1norganic particulate mate-
rial to obtain microfibrillated cellulose having a d., ranging
from about 5 to um about 500 um, as measured by laser light
scattering. The fibrous substrate comprising cellulose may
be microfibrillated 1n the presence of an 1norganic particu-
late material to obtain microfibrillated cellulose having a d.,
of equal to or less than about 400 um, for example equal to
or less than about 300 um, or equal to or less than about 200
um, or equal to or less than about 150 um, or equal to or less
than about 125 um, or equal to or less than about 100 um,
or equal to or less than about 90 um, or equal to or less than
about 80 um, or equal to or less than about 70 um, or equal
to or less than about 60 um, or equal to or less than about 50
wm, or equal to or less than about 40 um, or equal to or less
than about 30 um, or equal to or less than about 20 um, or
equal to or less than about 10 um.
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The fibrous substrate comprising cellulose may be micro-
fibrillated 1n the presence of an 1norganic particulate mate-
rial to obtain microfibrillated cellulose having a modal fibre
particle size ranging from about 0.1-500 um and a modal
inorganic particulate material particle size ranging from
0.25-20 um. The fibrous substrate comprising cellulose may
be microfibrillated in the presence of an inorganic particu-
late material to obtain microfibrillated cellulose having a
modal fibre particle size of at least about 0.5 um, for
example at least about 10 um, or at least about 50 um, or at
least about 100 um, or at least about 150 um, or at least about
200 um, or at least about 300 um, or at least about 400 um.

The fibrous substrate comprising cellulose may be micro-
fibrillated 1n the presence of an 1norganic particulate mate-
rial to obtain microfibrillated cellulose having a fibre steep-
ness equal to or greater than about 10, as measured by
Malvern. Fibre steepness (1.¢., the steepness of the particle
s1ze distribution of the fibres) 1s determined by the following
formula:

Steepness=100x(d;¢/d o)

The microfibrillated cellulose may have a fibre steepness
equal to or less than about 100. The microfibrillated cellu-
lose may have a fibre steepness equal to or less than about
75, or equal to or less than about 30, or equal to or less than
about 40, or equal to or less than about 30. The microfibril-
lated cellulose may have a fibre steepness from about 20 to
about 50, or from about 25 to about 40, or from about 25 to
about 35, or from about 30 to about 40.

The grinding 1s suitably performed 1n a grinding vessel,
such as a tumbling mill (e.g., rod, ball and autogenous), a
stirred mill (e.g., SAM or IsaMill), a tower mull, a stirred
media detritor (SMD), or a grinding vessel comprising
rotating parallel grinding plates between which the feed to
be ground 1s fed.

In one embodiment, the grinding vessel 1s a tower mull.
The tower mill may comprise a quiescent zone above one or
more grinding zones. A quiescent zone 1s a region located
towards the top of the iterior of tower mill 1n which
mimmal or no grinding takes place and comprises microfi-
brillated cellulose and inorganic particulate material. The
quiescent zone 1s a region 1n which particles of the grinding
medium sediment down 1nto the one or more grinding zones
of the tower mull.

The tower mill may comprise a classifier above one or
more grinding zones. In an embodiment, the classifier 1s top
mounted and located adjacent to a quiescent zone. The
classifier may be a hydrocyclone.

The tower mill may comprise a screen above one or more
orind zones. In an embodiment, a screen 1s located adjacent
to a quiescent zone and/or a classifier. The screen may be
s1zed to separate grinding media from the product aqueous
suspension comprising microfibrillated cellulose and inor-
ganic particulate material and to enhance grinding media
sedimentation.

In an embodiment, the grinding 1s performed under plug
flow conditions. Under plug flow conditions the flow
through the tower 1s such that there 1s limited mixing of the
egrinding materials through the tower. This means that at
different points along the length of the tower mill the
viscosity of the aqueous environment will vary as the
fineness of the microfibrillated cellulose increases. Thus, 1n
cllect, the grinding region in the tower mill can be consid-
ered to comprise one or more grinding zones which have a
characteristic viscosity. A skilled person in the art will
understand that there 1s no sharp boundary between adjacent
ogrinding zones with respect to viscosity.

10

15

20

25

30

35

40

45

50

55

60

65

20

In an embodiment, water 1s added at the top of the mull
proximate to the quiescent zone or the classifier or the screen
above one or more grinding zones to reduce the viscosity of
the aqueous suspension comprising microfibrillated cellu-
lose and 1norganic particulate material at those zones in the
mill. By diluting the product microfibrillated cellulose and
inorganic particulate material at this point 1n the mill i1t has
been found that the prevention of grinding media carry over
to the quiescent zone and/or the classifier and/or the screen
1s improved. Further, the limited mixing through the tower
allows for processing at higher solids lower down the tower
and dilute at the top with limited backtlow of the dilution
water back down the tower 1nto the one or more grinding
zones. Any suitable amount of water which 1s eflective to
dilute the wviscosity of the product aqueous suspension
comprising microfibrillated cellulose and 1norganic particu-
late material may be added. The water may be added
continuously during the grinding process, or at regular
intervals, or at irregular intervals.

In another embodiment, water may be added to one or
more grinding zones via one or more water ijection points
positioned along the length of the tower mill, or each water
injection point being located at a position which corresponds
to the one or more grinding zones. Advantageously, the
ability to add water at various points along the tower allows
for further adjustment of the grinding conditions at any or all
positions along the mill.

The tower mill may comprise a vertical impeller shaft
equipped with a series of impeller rotor disks throughout 1ts
length. The action of the impeller rotor disks creates a series
of discrete grinding zones throughout the mull.

In another embodiment, the grinding 1s performed 1n a
screened grinder, preferably a stirred media detritor. The
screened grinder may comprise one or more screen(s) hav-
ing a nominal aperture size of at least about 250 um, for
example, the one or more screens may have a nominal
aperture size of at least about 300 um, or at least about 350
wm, or at least about 400 um, or at least about 450 um, or at
least about 500 um, or at least about 350 um, or at least about
600 um, or at least about 650 um, or at least about 700 um,
or at least about 750 um, or at least about 800 um, or at least
about 850 um, or at or least about 900 um, or at least about
1000 pum.

The screen sizes noted immediately above are applicable
to the tower mill embodiments described above.

As noted above, the grinding may be performed 1n the
presence ol a grinding medium. In an embodiment, the
orinding medium 1s a coarse media comprising particles
having an average diameter 1n the range of from about 1 mm
to about 6 mm, for example about 2 mm, or about 3 mm, or
about 4 mm, or about 5 mm.

In another embodiment, the grinding media has a specific
gravity of at least about 2.5, for example, at least about 3, or
at least about 3.5, or at least about 4.0, or at least about 4.5,
or least about 5.0, or at least about 5.5, or at least about 6.0.
In another embodiment, the grinding media comprises par-
ticles having an average diameter 1n the range of from about
1 mm to about 6 mm and has a specific gravity of at least
about 2.5.

In another embodiment, the grinding media comprises
particles having an average diameter of about 3 mm and
specific gravity of about 2.7.

As described above, the grinding medium (or media) may
present 1n an amount up to about 70% by volume of the
charge. The grinding media may be present 1n amount of at
least about 10% by volume of the charge, for example, at
least about 20% by volume of the charge, or at least about




US 11,655,594 B2

21

30% by volume of the charge, or at least about 40% by
volume of the charge, or at least about 50% by volume of the
charge, or at least about 60% by volume of the charge.

In one embodiment, the grinding medium 1s present in
amount of about 50% by volume of the charge.

By ‘charge’ 1s meant the composition which 1s the feed
fed to the grinder vessel. The charge includes of water,
egrinding media, fibrous substrate comprising cellulose and
inorganic particulate material, and any other optional addi-
tives as described herein. The use of a relatively coarse
and/or dense media has the advantage of improved (i.e.,
taster) sediment rates and reduced media carry over through
the quiescent zone and/or classifier and/or screen(s).

A further advantage in using relatively coarse grinding
media 1s that the mean particle size (d,) of the mnorganic
particulate material may not be significantly reduced during
the grinding process such that the energy imparted to the
egrinding system 1s primarily expended in microfibrillating
the fibrous substrate comprising cellulose.

A further advantage 1n using relatively coarse screens 1s
that a relatively coarse or dense grinding media can be used
in the microfibrillating step. In addition, the use of relatively
coarse screens (1.€., having a nominal aperture of least about
250 um) allows a relatively high solids product to be
processed and removed from the grinder, which allows a
relatively high solids feed (comprising fibrous substrate
comprising cellulose and organic particulate material) to
be processed 1n an economically viable process. As dis-
cussed below, 1t has been found that a feed having a high
initial solids content 1s desirable in terms of energy suili-
ciency. Further, it has also been found that product produced
(at a given energy) at lower solids has a coarser particle size
distribution.

As discussed 1n the ‘Background’ section above, the
present invention seeks to address the problem of preparing,
microfibrillated cellulose economically on an industrial
scale.

Thus, 1n accordance with one embodiment, the fibrous
substrate comprising cellulose and 1inorganic particulate
material are present 1n the aqueous environment at an initial
solids content of at least about 4 wt %, of which at least
about 2% by weight 1s fibrous substrate comprising cellu-
lose. The 1nitial solids content may be at least about 10 wt
%, or at least about 20 wt %, or at least about 30 wt %, or
at least about at least 40 wt %. At least about 3% by weight
of the mitial solids content may be fibrous substrate com-
prising cellulose, for example, at least about 10%, or at least
about 13%, or at least about 20% by weight of the initial
solids content may be fibrous substrate comprising cellulose.

In another embodiment, the grinding i1s performed 1n a
cascade of grinding vessels, one or more of which may
comprise one or more grinding zones. For example, the
fibrous substrate comprising cellulose and the norganic
particulate material may be ground 1n a cascade of two or
more grinding vessels, for example, a cascade of three or
more grinding vessels, or a cascade of four or more grinding
vessels, or a cascade of five or more grinding vessels, or a
cascade of six or more grinding vessels, or a cascade of
seven or more grinding vessels, or a cascade of eight or more
grinding vessels, or a cascade of nine or more grinding
vessels 1n series, or a cascade comprising up to ten grinding,
vessels. The cascade of grinding vessels may be operatively
linked 1n series or parallel or a combination of series and
parallel. The output from and/or the mput to one or more of
the grinding vessels 1n the cascade may be subjected to one
or more screemng steps and/or one or more classification
steps.
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The total energy expended in a microfibrillation process
may be apportioned equally across each of the grinding
vessels 1n the cascade. Alternatively, the energy input may
vary between some or all of the grinding vessels 1n the
cascade.

A person skilled 1n the art will understand that the energy
expended per vessel may vary between vessels in the
cascade depending on the amount of fibrous substrate being
microfibrillated in each vessel, and optionally the speed of
orind 1n each vessel, the duration of grind 1n each vessel, the
type of grinding media 1n each vessel and the type and
amount of morganic particulate material. The grinding con-
ditions may be varied in each vessel in the cascade 1n order
to control the particle size distribution of both the microfi-
brillated cellulose and the 1norganic particulate matenal. For
example, the grinding media size may be varied between
successive vessels 1n the cascade 1n order to reduce grinding
of the 1norganic particulate material and to target grinding of
the fibrous substrate comprising cellulose.

In an embodiment the grinding 1s performed 1n a closed
circuit. In another embodiment, the grinding 1s performed 1n
an open circuit. The grinding may be performed 1n batch
mode. The grinding may be performed 1n a re-circulating
batch mode.

As described above, the grinding circuit may include a
pre-grinding step 1n which coarse inorganic particulate
ground 1n a grinder vessel to a predetermined particle size
distribution, after which fibrous material comprising cellu-
lose 1s combined with the pre-ground inorganic particulate
material and the grinding continued in the same or diflerent
grinding vessel until the desired level of microfibrillation
has been obtained.

As the suspension of maternial to be ground may be of a
relatively high viscosity, a suitable dispersing agent may
preferably be added to the suspension prior to grinding. The
dispersing agent may be, for example, a water soluble
condensed phosphate, polysilicic acid or a salt thereof, or a
polyelectrolyte, for example a water soluble salt of a poly
(acrylic acid) or of a poly(methacrylic acid) having a num-
ber average molecular weight not greater than 80,000. The
amount of the dispersing agent used would generally be 1n
the range of from 0.1 to 2.0% by weight, based on the weight
of the dry mnorganic particulate solid matenial. The suspen-
s1on may suitably be ground at a temperature 1n the range of
from 4° C. to 100° C.

Other additives which may be included during the micro-
fibrillation step include: carboxymethyl cellulose, ampho-
teric carboxymethyl cellulose, oxidising agents, 2,2,6,6-
Tetramethylpiperidine-1-oxyl (TEMPO), TEMPO
derivatives, and wood degrading enzymes.

The pH of the suspension of material to be ground may be
about 7 or greater than about 7 (1.e., basic), for example, the
pH of the suspension may be about 8, or about 9, or about
10, or about 11. The pH of the suspension of material to be
ground may be less than about 7 (i.e., acidic), for example,
the pH of the suspension may be about 6, or about 5, or about
4, or about 3. The pH of the suspension of material to be
ground may be adjusted by addition of an appropnate
amount of acid or base. Suitable bases included alkali metal
hydroxides, such as, for example NaOH. Other suitable
bases are sodium carbonate and ammonia. Suitable acids
included 1morganic acids, such as hydrochloric and sulphuric
acid, or organic acids. An exemplary acid 1s orthophosphoric
acid.

The amount of 1norganic particulate material and cellu-
lose pulp 1n the mixture to be co-ground may vary 1n a ratio

of from about 99.5:0.5 to about 0.5:99.5, based on the dry
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weight of 1norganic particulate material and the amount of
dry fibre 1n the pulp, for example, a ratio of from about
99.5:0.5 to about 50:30 based on the dry weight of tnorganic
particulate material and the amount of dry fibre 1n the pulp.
For example, the ratio of the amount of inorganic particulate
material and dry fibre may be from about 99.3:0.5 to about
70:30. In an embodiment, the ratio of inorganic particulate
material to dry fibre 1s about 80:20, or for example, about
85:15, or about 90:10, or about 91:9, or about 92:8, or about
93:7, or about 94:6, or about 95:5, or about 96:4, or about
9’7:3, or about 98:2, or about 99:1. In a preferred embodi-
ment, the weight ratio of inorganic particulate material to
dry fibre 1s about 95:5. In another preferred embodiment, the
weilght ratio of 1norganic particulate material to dry fibre 1s
about 90:10. In another preferred embodiment, the weight
ratio of 1norganic particulate material to dry fibre i1s about
85:15. In another preferred embodiment, the weight ratio of
inorganic particulate material to dry fibre 1s about 80:20.
The total energy input in a typical grinding process to
obtain the desired aqueous suspension composition may
typically be between about 100 and 1500 kWht™' based on
the total dry weight of the 1norganic particulate filler. The
total energy input may be less than about 1000 kWht™', for
example, less than about 800 kWht™', less than about 600
kWht™!, less than about 500 kWht™!, less than about 400
kWht™!, less than about 300 kWht™!, or less than about 200
kWht™". As such, the present inventors have surprisingly
found that a cellulose pulp can be microfibrillated at rela-
tively low energy input when 1t 1s co-ground 1n the presence
ol an 1norganic particulate material. As will be apparent, the
total energy input per tonne of dry fibre in the fibrous

substrate comprising cellulose will be less than about 10,000
kWht™!, for example, less than about 9000 kWht™', or less

than about 8000 kWht™*, or less than about 7000 kWht™*, or
less than about 6000 kWht™!, or less than about 5000
kWht™', for example less than about 4000 kWht-1, less than
about 3000 kWht™', less than about 2000 kWht™', less than
about 1500 kWht™', less than about 1200 kWht™', less than
about 1000 kWht ™', or less than about 800 kWht™*. The total
energy 1nput varies depending on the amount of dry fibre 1n
the fibrous substrate being microfibrillated, and optionally
the speed of grind and the duration of grind.

Homogenizing

Microfibrillation of the fibrous substrate comprising cel-
lulose may be eflected under wet conditions 1n the presence
of the inorganic particulate material by a method in which
the mixture of cellulose pulp and inorganic particulate
material 1s pressurized (for example, to a pressure of about
500 bar) and then passed to a zone of lower pressure. The
rate at which the mixture 1s passed to the low pressure zone
1s sufliciently high and the pressure of the low pressure zone
1s sufliciently low as to cause microfibrillation of the cellu-
lose fibres. For example, the pressure drop may be eflected
by forcing the mixture through an annular opening that has
a narrow entrance orifice with a much larger exit orifice. The
drastic decrease 1n pressure as the mixture accelerates into a
larger volume (1.e., a lower pressure zone) induces cavitation
which causes microfibrillation. In an embodiment, microfi-
brillation of the fibrous substrate comprising cellulose may
be eflected 1n a homogenizer under wet conditions in the
presence of the mnorganic particulate material. In the homog-
enmizer, the cellulose pulp-inorganic particulate material mix-
ture 1s pressurized (for example, to a pressure of about 500
bar), and forced through a small nozzle or orifice. The
mixture may be pressurized to a pressure of from about 100
to about 1000 bar, for example to a pressure of equal to or
greater than 300 bar, or equal to or greater than about 500,
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or equal to or greater than about 200 bar, or equal to or
greater than about 700 bar. The homogenization subjects the
fibres to high shear forces such that as the pressurized
cellulose pulp exits the nozzle or orifice, cavitation causes
microfibrillation of the cellulose fibres 1n the pulp. Addi-
tional water may be added to improve flowability of the
suspension through the homogenizer. The resulting aqueous
suspension comprising microfibrillated cellulose and inor-
ganic particulate material may be fed back into the inlet of
the homogenizer for multiple passes through the homog-
enizer. In a preferred embodiment, the mnorganic particulate
material 1s a naturally platy mineral, such as kaolin. As such,
homogenization not only facilitates microfibrillation of the
cellulose pulp, but also facilitates delamination of the platy
particulate material.

A platy particulate material, such as kaolin, 1s understood
to have a shape factor of at least about 10, for example, at
least about 15, or at least about 20, or at least about 30, or
at least about 40, or at least about 50, or at least about 60,
or at least about 70, or at least about 80, or at least about 90,
or at least about 100. Shape factor, as used herein, 1s a
measure of the ratio of particle diameter to particle thickness
for a population of particles of varying size and shape as
measured using the electrical conductivity methods, appa-
ratuses, and equations described 1n U.S. Pat. No. 5,576,617,
which 1s incorporated herein by reference.

A suspension of a platy inorganic particulate materal,
such as kaolin, may be treated imn the homogenizer to a
predetermined particle size distribution 1n the absence of the
fibrous substrate comprising cellulose, after which the
fibrous material comprising cellulose 1s added to the aque-
ous slurry of inorganic particulate material and the com-
bined suspension 1s processed in the homogenizer as
described above. The homogenmization process 1s continued,
including one or more passes through the homogenizer, until
the desired level of microfibrillation has been obtained.
Similarly, the platy inorganic particulate material may be
treated 1n a grinder to a predetermined particle size distri-
bution and then combined with the fibrous material com-
prising cellulose tollowed by processing 1n the homogenizer.

An exemplary homogenizer 1s a Manton Gaulin (APV)
homogenizer.

After the microfibrillation step has been carried out, the
aqueous suspension comprising microfibrillated cellulose
and 1norganic particulate material may be screened to
remove fibre above a certain size and to remove any grinding
medium. For example, the suspension can be subjected to
screening using a sieve having a selected nominal aperture
s1ze 1n order to remove fibres which do not pass through the
sieve. Nominal aperture size means the nominal central
separation of opposite sides of a square aperture or the
nominal diameter of a round aperture. The sieve may be a
BSS sieve (1in accordance with BS 1796) having a nominal
aperture size of 150 um, for example, a nominal aperture
s1ize 125 um, or 106 um, or 90 um, or 74 um, or 63 um, or
53 um, 45 um, or 38 um. In one embodiment, the aqueous
suspension 1s screened using a BSS sieve having a nominal
aperture of 125 um. The aqueous suspension may then be
optionally dewatered.

The Aqueous Suspension

The aqueous suspensions of this mvention produced in
accordance with the methods described above are suitable
for use 1n a method of making paper or coating paper.

As such, the present invention 1s directed to an aqueous
suspension comprising, consisting of, or consisting essen-
tially of microfibrillated cellulose and an 1morganic particu-
late material and other optional additives. The aqueous
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suspension 1s suitable for use 1n a method of making paper
or coating paper. The other optional additives include dis-
persant, biocide, suspending aids, salt(s) and other additives,
for example, starch or carboxy methyl cellulose or polymers,
which may facilitate the interaction of mineral particles and
fibres during or after grinding.

The 1norganic particulate material may have a particle
s1ze distribution such that at least about 10% by weight, for
example at least about 20% by weight, for example at least
about 30% by weight, for example at least about 40% by
weight, for example at least about 50% by weight, for
example at least about 60% by weight, for example at least
about 70% by weight, for example at least about 80% by
weight, for example at least about 90% by weight, for
example at least about 95% by weight, or for example about
100% of the particles have an e.s.d of less than 2 um.

In another embodiment, the 1norganic particulate material
may have a particle size distribution, as measured by a
Malvern Mastersizer S machine, such that at least about 10%
by volume, for example at least about 20% by volume, for
example at least about 30% by volume, for example at least
about 40% by volume, for example at least about 50% by
volume, for example at least about 60% by volume, for
example at least about 70% by volume, for example at least
about 80% by volume, for example at least about 90% by
volume, for example at least about 95% by volume, or for
example about 100% by volume of the particles have an
¢.s.d of less than 2 um.

The amount of inorganic particulate material and cellu-
lose pulp 1n the mixture to be co-ground may vary 1n a ratio
of from about 99.5:0.5 to about 0.5:99.3, based on the dry
welght of inorganic particulate material and the amount of
dry fibre 1n the pulp, for example, a ratio of from about
99.5:0.5 to about 50:350 based on the dry weight of 1norganic
particulate material and the amount of dry fibre 1n the pulp.
For example, the ratio of the amount of inorganic particulate
material and dry fibre may be from about 99.5:0.5 to about
70:30. In an embodiment, the ratio of inorganic particulate
material to dry fibre 1s about 80:20, or for example, about
85:15, or about 90:10, or about 91:9, or about 92:8, or about
93:7, or about 94:6, or about 95:5, or about 96:4, or about
9’7:3, or about 98:2, or about 99:1. In a preferred embodi-
ment, the weight ratio of inorganic particulate material to
dry fibre 1s about 93:5. In another preferred embodiment, the
weilght ratio of morganic particulate material to dry fibre 1s
about 90:10. In another preferred embodiment, the weight
ratio of mmorganic particulate material to dry fibre 1s about
85:15. In another preferred embodiment, the weight ratio of
inorganic particulate material to dry fibre 1s about 80:20.

In an embodiment, the composition does not include
fibres too large to pass through a BSS sieve (in accordance
with BS 1796) having a nominal aperture size of 150 um, for
example, a nominal aperture size of 125 um, 106 um, or 90
wm, or 74 um, or 63 um, or 33 um, 45 um, or 38 um. In one
embodiment, the aqueous suspension 1s screened using a
BSS sieve having a nominal aperture of 125 um.

It will be understood therefore that amount (i.e., % by
weight) of microfibrillated cellulose 1in the aqueous suspen-
sion after grinding or homogenizing may be less than the
amount of dry fibre in the pulp if the ground or homogenized
suspension 1s treated to remove fibres above a selected size.
Thus, the relative amounts of pulp and 1norganic particulate
material fed to the grinder or homogenizer can be adjusted
depending on the amount of microfibrillated cellulose that 1s
required 1 the aqueous suspension after fibres above a
selected size are removed.
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In an embodiment, the 1norganic particulate material 1s an
alkaline earth metal carbonate, for example, calctum car-
bonate. The 1morganic particulate material may be ground
calcium carbonate (GCC) or precipitated calcium carbonate
(PCC), or a mixture of GCC and PCC. In another embodi-
ment, the morganic particulate material 1s a naturally platy
mineral, for example, kaolin. The inorganic particulate
material may be a mixture of kaolin and calcium carbonate,
for example, a mixture of kaolin and GCC, or a mixture of
kaolin and PCC, or a mixture of kaolin, GCC and PCC.

In another embodiment, the aqueous suspension is treated
to remove at least a portion or substantially all of the water
to form a partially dnied or essentially completely dried
product. For example, at least about 10% by volume of water
in the aqueous suspension may be removed from the aque-
ous suspension, for example, at least about 20% by volume,
or at least about 30% by volume, or least about 40% by
volume, or at least about 50% by volume, or at least about
60% by volume, or at least about 70% by volume or at least
about 80% by volume or at least about 90% by volume, or
at least about 100% by volume of water in the aqueous
suspension may be removed. Any suitable technique can be
used to remove water from the aqueous suspension mclud-
ing, for example, by gravity or vacuum-assisted drainage,
with or without pressing, or by evaporation, or by filtration,
or by a combination of these techniques. The partially dried
or essentially completely dried product will comprise micro-
fibrillated cellulose and inorganic particulate material and
any other optional additives that may have been added to the
aqueous suspension prior to drying. The partially dried or
essentially completely dried product may be stored or pack-
aged for sale. The partially dried or essentially completely
dried product may be optionally re-hydrated and incorpo-
rated 1 papermaking compositions and other paper prod-
ucts, as described herein.

Paper Products and Processes for Preparing Same

The aqueous suspension comprising microfibrillated cel-
lulose and 1organic particulate material can be incorporated
in papermaking compositions, which 1n turn can be used to
prepare paper products. The term paper product, as used in
connection with the present imnvention, should be understood
to mean all forms of paper, including board such as, for
example, white-lined board and linerboard, cardboard,
paperboard, coated board, and the like. There are numerous
types of paper, coated or uncoated, which may be made
according to the present invention, including paper suitable
for books, magazines, newspapers and the like, and oflice
papers. The paper may be calendered or super calendered as
approprate; for example super calendered magazine paper
for rotogravure and offset printing may be made according
to the present methods. Paper suitable for light weight
coating (LWC), medium weight coating (IMWC) or machine
finished pigmentisation (MFP) may also be made according
to the present methods. Coated paper and board having
barrier properties suitable for food packaging and the like
may also be made according to the present methods.

In a typical papermaking process, a cellulose-containing,
pulp 1s prepared by any suitable chemical or mechanical
treatment, or combination thereof, which are well known 1n
the art. The pulp may be denived from any suitable source
such as wood, grasses (e.g., sugarcane, bamboo) or rags
(e.g., textile waste, cotton, hemp or flax). The pulp may be
bleached in accordance with processes which are well
known to those skilled 1n the art and those processes suitable
for use 1n the present invention will be readily evident. The
bleached cellulose pulp may be beaten, refined, or both, to
a predetermined freeness (reported in the art as Canadian
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standard freeness (CSF) in cm®). A suitable paper stock is
then prepared from the bleached and beaten pulp.

The papermaking composition of the present mvention
typically comprises, 1n addition to the aqueous suspension of
microfibrillated cellulose and inorganic particulate material,
paper stock and other conventional additives known 1n the
art. The papermaking composition of the present invention
may comprise up to about 50% by weight inorganic par-
ticulate material derived from the aqueous suspension com-
prising microfibrillated cellulose and inorganic particulate
material based on the total dry contents of the papermaking,
composition. For example, the papermaking composition
may comprise at least about 2% by weight, or at least about
5% by weight, or at least about 10% by weight, or at least
about 15% by weight, or at least about 20% by weight, or at
least about 25% by weight, or at least about 30% by weight,
or at least about 35% by weight, or at least about 40% by
weight, or at least about 45% by weight, or at least about
50% by weight, or at least about 60% by weight, or at least
about 70% by weight, or at least about 80% by weight of
inorganic particulate material derived from the aqueous
suspension comprising microfibrillated cellulose and inor-
ganic particulate material based on the total dry contents of
the papermaking composition. The microfibrillated cellulose
material may have a fibre steepness of greater than about 10,
for examples, from about 20 to about 50, or from about 25
to about 40, or from about 25 to 33, or from about 30 to
about 40. The papermaking composition may also contain a
non-ionic, cationic or an anionic retention aid or micropar-
ticle retention system in an amount in the range from about
0.1 to 2% by weight, based on the dry weight of the aqueous
suspension comprising microfibrillated cellulose and inor-
ganic particulate material. It may also contain a sizing agent
which may be, for example, a long chain alkylketene dimer,
a wax emulsion or a succinic acid derivative. The compo-
sition may also contain dye and/or an optical brightening
agent. The composition may also comprise dry and wet
strength aids such as, for example, starch or epichlorhydrin
copolymers.

In accordance with the eighth aspect described above, the
present invention 1s directed to a process for making a paper
product comprising: (1) obtaining or preparing a fibrous
substrate comprising cellulose 1n the form of a pulp suitable
for making a paper product; (1) preparing a papermaking
composition from the pulp 1 step (1), the aqueous suspen-
sion of this invention comprising microfibrillated cellulose
and 1norganic particulate material, and other optional addi-
tives (such as, for example, a retention aid, and other
additives such as those described above); and (111) forming
a paper product from said papermaking composition. As
noted above, the step of forming a pulp may take place in the
ogrinder vessel or homogemzer by addition of the fibrous
substrate comprising cellulose 1n a dry state, for example, 1n
the form of a dry paper broke or waste, directly to the grinder
vessel. The aqueous environment in the grinder vessel or
homogenizer will then facilitate the formation of a pulp.

In one embodiment, an additional filler component (1.e., a
filler component other than the inorganic particulate matenal
which 1s co-ground with the fibrous substrate comprising
cellulose) can be added to the papermaking composition
prepared 1n step (11). Exemplary filler components are PCC,
GCC, kaolin, or mixtures thereol. An exemplary PCC 1s
scalenohedral PCC. In an embodiment, the weight ratio of
the inorganic particulate material to the additional filler
component in the papermaking composition i1s from about
1:1 to about 1:30, for example, from about 1:1 to about 1:20,
for example, from about 1:1 to about 1:13, for example from
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about 1:1 to about 1:10, for example from about 1:1 to about
1.7, for example, from about 1:3 to about 1:6, or about 1:1,
or about 1:2, or about 1:3, or about 1:4, or about 1:5. Paper
products made from such papermaking compositions may
exhibit greater strength compared to paper products com-
prising only 1norganic particulate material, such as for
example PCC, as filler. Paper products made from such
papermaking compositions may exhibit greater strength
compared to a paper product in which norganic particulate
material and a fibrous substrate comprising cellulose are
prepared (e.g., ground) separately and are admixed to form
a paper making composition. Equally, paper products pre-
pared from a papermaking composition according to the
present invention may exhibit a strength which 1s compa-
rable to paper products comprising less 1norganic particulate
maternial. In other words, paper products can be prepared
from a paper making composition according to the present
at higher filler loadings without loss of strength.

The steps 1n the formation of a final paper product from
a papermaking composition are conventional and well know
in the art and generally comprise the formation of paper
sheets having a targeted basis weight, depending on the type
ol paper being made.

Additional economic benefits can be achieved through the
methods of the present invention in that the cellulose sub-
strate for making the aqueous suspension can be derived
from the same cellulose pulp formed for making the paper-
making composition and the final paper product. As such,
and 1n accordance with the ninth aspect described above, the
present mvention 1s directed to a an integrated process for
making a paper product comprising: (1) obtaining or prepar-
ing a {ibrous substrate comprising cellulose 1n the form of a
pulp suitable for making a paper product; (1) microfibril-
lating a portion of said fibrous substrate comprising cellu-
lose 1n accordance with the first aspect of the mvention to
prepare an aqueous suspension comprising microfibrillated
cellulose and 1norganic particulate material; (111) preparing a
papermaking composition from the pulp 1n step (1), the
aqueous suspension prepared n step (1), and other optional
additives; and (1v) forming a paper product from said
papermaking composition.

Thus, since the cellulose substrate for preparing the
aqueous suspension has already been prepared for the pur-
pose of making the papermaking compositions, the step of
forming the aqueous suspension does not necessarily require
a separate step of preparing the fibrous substrate comprising
cellulose.

Paper products prepared using the aqueous suspension of
the present invention have surprisingly been found to exhibit
improved physical and mechanical properties whilst at the
same time enabling the 1norganic particulate material to be
incorporated at relatively high loading levels. Thus,
improved papers can be prepared at relatively less cost. For
example, paper products prepared from papermaking com-
positions comprising the aqueous suspension of the present
invention have been found to exhibit improved retention of
the 1norganic particulate material filler compared to paper
products which do not contain any microfibrillated cellulose.
Paper products prepared from papermaking compositions
comprising the aqueous suspension of the present mnvention
have also been found to exhibit improved burst strength and
tensile strength. Further, the incorporation of the microfi-
brillated cellulose has been found to reduce porosity com-
pared to paper comprising the same amount of filler but no
microfibrillated cellulose. This 1s advantageous since high
filler loading levels are generally associated with relatively
high values of porosity and are detrimental to printability.
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Paper Coating Composition and Coating Process

The aqueous suspension of the present invention can be
used as a coating composition without the addition of further
additives. However, optionally, a small amount of thickener
such as carboxymethyl cellulose or alkali-swellable acrylic
thickeners or associated thickeners may be added.

The coating composition according to the present inven-
tion may contain one or more optional additional compo-
nents, 11 desired. Such additional components, where pres-
ent, are suitably selected from known additives for paper
coating compositions.

Some of these optional additives may provide more than
one function in the coating composition. Examples of
known classes of optional additives are as follows:

(a) one or more additional pigments: the compositions
described herein can be used as sole pigments 1n the paper
coating compositions, or may be used 1n conjunction with
one another or with other known pigments, such as, for
example, calcium sulphate, satin white, and so-called ‘plas-
tic pigment’. When a mixture of pigments 1s used, the total
pigment solids content i1s preferably present 1n the compo-
sition 1n an amount of at least about 75 wt % of the total
weight of the dry components of the coating composition;
(b) one or more binding or cobinding agents: for example,
latex, which may, optionally, be carboxylated, including: a
styrene-butadiene rubber latex; an acrylic polymer latex; a
polyvinyl acetate latex; or a styrene acrylic copolymer latex,
starch derivatives, sodium carboxymethyl cellulose, polyvi-
nyl alcohol, and proteins;

(c) one or more cross linkers: for example, 1 levels of up to
about 5% by weight; e.g., glyoxals, melamine formaldehyde
resins, ammonium zirconium carbonates; one or more dry or
wet pick improvement additives: e.g., 1n levels up to about
2% by weight, e.g., melamine resin, polyethylene emulsions,
ureca formaldehyde, melamine formaldehyde, polyamide,
calcium stearate, styrene maleic anhydride and others; one
or more dry or wet rub improvement and abrasion resistance
additives: e.g., 1n levels up to about 2% by weight, e.g.,
glyoxal based resins, oxidised polyethylenes, melamine res-
ins, urea formaldehyde, melamine formaldehyde, polyeth-
ylene wax, calcium stearate and others; one or more water
resistance additives: e.g., in levels up to about 2% by weight,
¢.g., oxidised polyethylenes, ketone resin, anionic latex,
polyurethane, SMA, glyoxal, melamine resin, urea formal-
dehyde, melamine formaldehyde, polyamide, glyoxals,
stearates and other materials commercially available for this
function;

(d) one or more water retention aids: for example, 1n levels
up to about 2% by weight, e.g., sodium carboxymethyl
cellulose, hydroxyethyl cellulose, PVOH (polyvinyl alco-
hol), starches, proteins, polyacrylates, gums, alginates, poly-
acrylamide bentonite and other commercially available
products sold for such applications;

(¢) one or more viscosity modifiers and/or thickeners: for
example, 1n levels up to about 2% by weight; e.g., acrylic
associative thickeners, polyacrylates, emulsion copolymers,
dicyanamide, triols, polyoxyethylene ether, urea, sulphated
castor oil, polyvinyl pyrrolidone, CMC (carboxymethyl cel-
luloses, for example sodium carboxymethyl cellulose),
sodium alginate, xanthan gum, sodium silicate, acrylic acid
copolymers, HMC (hydroxymethyl celluloses), HEC (hy-
droxyethyl celluloses) and others;

(1) one or more lubricity/calendering aids: for example, 1n
levels up to about 2% by weight, e.g., calcium stearate,
ammonium stearate, zinc stearate, wax emulsions, waxes,
alkyl ketene dimer, glycols; one or more gloss-ink hold-out
additives: e.g., 1n levels up to about 2% by weight, e.g.,
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oxidised polyethylenes, polyethylene emulsions, waxes,
casein, guar gum, CMC, HMC, calcium stearate, ammonium
stearate, sodium alginate and others;

(g) one or more dispersants: the dispersant 1s a chemical
additive capable, when present in a suflicient amount, of
acting on the particles of the particulate inorganic material
to prevent or eflectively restrict tlocculation or agglomera-
tion of the particles to a desired extent, according to normal
processing requirements. The dispersant may be present in
levels up to about 1% by weight, and includes, for example,
polyelectrolytes such as polyacrylates and copolymers con-
taining polyacrylate species, especially polyacrylate salts
(e.g., sodium and aluminium optionally with a group II
condensed sodium phosphate, non-ionic surfactants,
alkanolamine and other reagents commonly used for this
function. The dispersant may, for example, be selected from
conventional dispersant materials commonly used in the
processing and grinding ol morganic particulate materials.
Such dispersants will be well recognised by those skilled 1n
this art. They are generally water-soluble salts capable of
supplying amionic species which 1n their eflective amounts
can adsorb on the surface of the inorganic particles and
thereby 1nhibit aggregation of the particles. The unsolvated
salts suitably include alkali metal cations such as sodium.
Solvation may 1n some cases be assisted by making the
aqueous suspension slightly alkaline. Examples of suitable
dispersants include: water soluble condensed phosphates,
¢.g., polymetaphosphate salts [general form of the sodium
salts: (NaPQO,),] such as tetrasodium metaphosphate or
so-called “sodium hexametaphosphate” (Graham’s salt);
water-soluble salts of polysilicic acids; polyelectrolytes;
salts of homopolymers or copolymers of acrylic acid or
methacrylic acid, or salts of polymers of other derivatives of
acrylic acid, suitably having a weight average molecular
mass of less than about 20,000. Sodium hexametaphosphate
and sodium polyacrylate, the latter suitably having a weight
average molecular mass 1n the range of about 1,500 to about
10,000, are especially preferred;

(h) one or more antifoamers and defoamers: for example, 1n
levels up to about 1% by weight, e.g., blends of surfactants,
tributyl phosphate, fatty polyoxyethylene esters plus fatty
alcohols, fatty acid soaps, silicone emulsions and other
silicone containing compositions, waxes and 1norganic par-
ticulates 1n mineral oil, blends of emulsified hydrocarbons
and other compounds sold commercially to carry out this
function;

(1) one or more optical brightening agents (OBA) and
fluorescent whitening agents (FWA): for example, in levels
up to about 1% by weight, e.g., stilbene derivatives;

(1) one or more dyes: for example, 1n levels up to about 0.5%
by weight;

(k) one or more biocides/spoilage control agents: for
example, 1n levels up to about 1% by weight, e.g., oxidizing
biocides such as chlorine gas, chlorine dioxide gas, sodium
hypochlorite, sodium hypobromite, hydrogen, peroxide, per-
acetic oxide, ammonium bromide/sodium hypochlorite, or
non-oxidising biocides such as GLUT (Glutaraldehyde,
CAS No 90045-36-6), ISO (CIT/MIT) (Isothiazolinone,
CAS No 55956-84-9 & 96118-96-6), ISO (BIT/MIT) (Iso-
thiazolinone), ISO (BIT) (Isothiazolinone, CAS No 2634-
33-5), DBNPA, BNPD (Bronopol), NaOPP, CARBAMATE,
THIONE (Dazomet), EDDM-—dimethanol (O-formal),
HT—Tnazine (N-formal), THPS—tetrakis (O-formal),
TMAD—diurea (N-formal), metaborate, sodium dodecyl-
benene sulphonate, thiocyanate, organosulphur, sodium ben-
zoate and other compounds sold commercially for this
function, e.g., the range of biocide polymers sold by Nalco;
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(1) one or more levelling and evening aids: for example, 1n
levels up to about 2% by weight, e.g., non-1onic polyol,
polyethylene emulsions, fatty acid, esters and alcohol
derivatives, alcohol/ethylene oxide, calcium stearate and
other compounds sold commercially for this function;

(m) one or more grease and o1l resistance additives: for
example, 1n levels up to about 2% by weight, e.g., oxidised
polyethylenes, latex, SMA (styrene maleic anhydride), poly-
amide, waxes, alginate, protein, CMC, and HMC.

Any of the above additives and additive types may be
used alone or 1n admixture with each other and with other
additives, 1 desired.

For all of the above additives, the percentages by weight
quoted are based on the dry weight of inorganic particulate
maternial (100%) present in the composition. Where the
additive 1s present 1n a mimimum amount, the minimum
amount may be about 0.01% by weight based on the dry
weight of pigment.

The coating process 1s carried out using standard tech-
niques which are well known to the skilled person. The
coating process may also ivolve calendaring or supercal-
endering the coated product.

Methods of coating paper and other sheet materials, and
apparatus for performing the methods, are widely published
and well known. Such known methods and apparatus may
conveniently be used for preparing coated paper. For
example, there 1s a review of such methods published 1n
Pulp and Paper International, May 1994, page 18 et seq.
Sheets may be coated on the sheet forming machine, 1.e.,
“on-machine,” or “ofl-machine” on a coater or coating
machine. Use of high solids compositions 1s desirable 1n the
coating method because 1t leaves less water to evaporate
subsequently. However, as 1s well known in the art, the
solids level should not be so high that high viscosity and
leveling problems are introduced. The methods of coating
may be performed using an apparatus comprising (1) an
application for applying the coating composition to the
material to be coated and (11) a metering device for ensuring,
that a correct level of coating composition 1s applied. When
an excess ol coating composition 1s applied to the applicator,
the metering device 1s downstream of 1t. Alternatively, the
correct amount of coating composition may be applied to the
applicator by the metering device, e.g., as a film press. At the
points of coating application and metering, the paper web
support ranges from a backing roll, e.g., via one or two
applicators, to nothing (i.e., just tension). The time the
coating 1s in contact with the paper belore the excess is
finally removed 1s the dwell time—and this may be short,
long or vaniable.

The coating 1s usually added by a coating head at a
coating station. According to the quality desired, paper
grades are uncoated, single-coated, double-coated and even
triple-coated. When providing more than one coat, the mnitial
coat (precoat) may have a cheaper formulation and option-
ally coarser pigment in the coating composition. A coater
that 1s applying coating on each side of the paper will have
two or four coating heads, depending on the number of
coating layers applied on each side. Most coating heads coat
only one side at a time, but some roll coaters (e.g., film
presses, gate rolls, and size presses) coat both sides in one
pass.

Examples of known coaters which may be employed
include, without limitation, air knife coaters, blade coaters,
rod coaters, bar coaters, multi-head coaters, roll coaters, roll
or blade coaters, cast coaters, laboratory coaters, gravure
coaters, kisscoaters, liquid application systems, reverse roll
coaters, curtain coaters, spray coaters and extrusion coaters.
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Water may be added to the solids comprising the coating
composition to give a concentration of solids which 1s
preferably such that, when the composition 1s coated onto a
sheet to a desired target coating weight, the composition has
a rheology which 1s suitable to enable the composition to be

coated with a pressure (1.e., a blade pressure) of between 1
and 1.5 bar.

Calendering 1s a well known process 1n which paper
smoothness and gloss 1s improved and bulk 1s reduced by
passing a coated paper sheet between calendar nips or rollers
one or more times. Usually, elastomer-coated rolls are
employed to give pressing of high solids compositions. An
clevated temperature may be applied. One or more (e.g., up
to about 12, or sometimes higher) passes through the nips
may be applied.

Coated paper products prepared in accordance with the
present invention and which contain optical brightening
agent 1n the coating may exhibit a brightness as measured
according to ISO Standard 11475 which 1s at least 2 units
greater, for example at least 3 units greater compared to a
coated paper product which does not comprise microfibril-
lated cellulose which has been prepared 1n accordance with
the present mvention. Coated paper products prepared in
accordance with the present invention may exhibit a Parker
Print Surf smoothness measured according to ISO standard
8971-4 (1992) which 1s at least 0.5 um smoother, for
example at least about 0.6 um smoother, or at least about 0.7
um smoother compared to a coated paper product which
does not comprise microfibrillated cellulose which has been
prepared in accordance with the present invention.

For the avoidance of doubt, the present application 1s
directed to the subject-matter described in the following
numbered paragraphs:

1. A paper product comprising a paper coating composition
including a co-processed microfibrillated cellulose and 1nor-
ganic particulate material composition, wherein the paper
product has:

1) a first tensile strength greater than a second tensile strength
of the paper product comprising the paper coating compo-
sition devoid of the co-processed microfibrillated cellulose
and 1norganic particulate material composition;

11) a first tear strength greater than a second tear strength of
the paper product comprising the paper coating composition
devoid of the co-processed microfibrillated cellulose and
inorganic particulate material composition; and/or

111) a first gloss greater than a second gloss of the paper
product comprising the paper coating composition devoid of
the co-processed microfibrillated cellulose and inorganic
particulate material composition and/or

1v) a first burst strength greater than a second burst strength
of the paper product comprising the paper coating compo-
sition devoid of the co-processed microfibrillated cellulose
and 1norganic particulate material composition; and/or

v) first sheet light scattering coeflicient greater than a second
sheet light scattering coeflicient of the paper product com-
prising the paper coating composition devoid of the co-
processed microfibrillated cellulose and 1norganic particu-
late material composition; and/or

v1) a first porosity less than a second porosity of the paper
product comprising the paper coating composition devoid of
the co-processed microfibrillated cellulose and inorganic
particulate material composition.

2. The paper product of paragraph 1, wherein the paper
coating composition comprises a functional coating for
liguid packaging, barrier coatings, or printed electronics
applications.
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3. The paper product of paragraph 1 or 2, further comprising
a second coating comprising a polymer, a metal, an aqueous
composition, or a combination thereof.

4. The paper product of paragraphs 1, 2 or 3, further having
a first moisture vapour transmission rate (MVTR) greater
than a second MVTR of the paper product comprising the
paper coating composition devoid of the co-processed
microfibrillated cellulose and 1norganic particulate material
composition.

5. The paper product of any of paragraphs 1-4, wherein the
paper comprises from about 25 wt. % to about 35 wt. % of
the co-processed microfibrillated cellulose and inorganic
particulate material composition.

Microfibrillation 1n the Absence of Grindable Inorganic
Particulate Material

In another aspect, the present mvention 1s directed to a
method for preparing an aqueous suspension comprising
microfibrillated cellulose, the method comprising a step of
microfibrillating a fibrous substrate comprising cellulose in
an aqueous environment by grinding in the presence of a
orinding medium which 1s to be removed aiter the comple-
tion ol grinding, wherein the grinding 1s performed in a
tower mill or a screened grinder, and wherein the grinding
1s carried out 1n the absence of grindable inorganic particu-
late material.

A grindable 1norganic particulate matenial 1s a material
which would be ground in the presence of the grinding
medium.

The particulate grinding medium may be of a natural or a
synthetic material. The grinding medium may, for example,
comprise balls, beads or pellets of any hard mineral, ceramic
or metallic maternial. Such materials may include, for
example, alumina, zirconia, zircomum silicate, aluminium
silicate or the mullite-rich material which 1s produced by
calcimng kaolinitic clay at a temperature in the range of
from about 1300° C. to about 1800° C. For example, 1n some
embodiments a Carbolite® grinding media 1s preferred.
Alternatively, particles of natural sand of a suitable particle
s1ze may be used.

Generally, the type of and particle size of grinding
medium to be selected for use in the mmvention may be
dependent on the properties, such as, e.g., the particle size
of, and the chemical composition of, the feed suspension of
maternial to be ground. Preferably, the particulate grinding
medium comprises particles having an average diameter in
the range of from about 0.5 mm to about 6 mm. In one
embodiment, the particles have an average diameter of at
least about 3 mm.

The grinding medium may comprise particles having a
specific gravity of at least about 2.5. The grinding medium
may comprise particles have a specific gravity of at least
about 3, or least about 4, or least about 5, or at least about
6.

The grinding medium (or media) may be present in an
amount up to about 70% by volume of the charge. The
ogrinding media may be present 1n amount of at least about
10% by volume of the charge, for example, at least about
20% by volume of the charge, or at least about 30% by
volume of the charge, or at least about 40% by volume of the
charge, or at least about 50% by volume of the charge, or at
least about 60% by volume of the charge.

The fibrous substrate comprising cellulose may be micro-
fibrillated to obtain microfibrillated cellulose having a d.,
ranging from about 5 to um about 500 um, as measured by
laser light scattering. The fibrous substrate comprising cel-
lulose may be microfibrillated to obtain microfibrillated
cellulose having a d., of equal to or less than about 400 um,
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for example equal to or less than about 300 um, or equal to
or less than about 200 um, or equal to or less than about 150
wm, or equal to or less than about 125 um, or equal to or less
than about 100 um, or equal to or less than about 90 um, or
equal to or less than about 80 um, or equal to or less than
about 70 um, or equal to or less than about 60 um, or equal
to or less than about 50 um, or equal to or less than about 40
wm, or equal to or less than about 30 um, or equal to or less
than about 20 um, or equal to or less than about 10 um.

The fibrous substrate comprising cellulose may be micro-
fibrillated to obtain microfibrillated cellulose having a modal
fibre particle size ranging from about 0.1-500 um, as mea-
sured by laser light scattering. The fibrous substrate com-
prising cellulose may be microfibrillated in the presence to
obtain microfibrillated cellulose having a modal fibre par-
ticle size of at least about 0.5 um, for example at least about
10 um, or at least about 50 um, or at least about 100 pum, or
at least about 150 um, or at least about 200 um, or at least
about 300 um, or at least about 400 um.

The fibrous substrate comprising cellulose may be micro-
fibrillated to obtain microfibrillated cellulose having a fibre
steepness equal to or greater than about 10, as measured by
Malvern (laser light scattering). Fibre steepness (i.e., the
steepness of the particle size distribution of the fibres) 1s
determined by the following formula:

Steepness=100x(d3o/dg)

The microfibrillated cellulose may have a fibre steepness
equal to or less than about 100. The microfibrillated cellu-
lose may have a fibre steepness equal to or less than about
75, or equal to or less than about 30, or equal to or less than
about 40, or equal to or less than about 30. The microfibril-
lated cellulose may have a fibre steepness from about 20 to
about 50, or from about 25 to about 40, or from about 25 to
about 35, or from about 30 to about 40.

In one embodiment, the grinding vessel 1s a tower mull.
The tower mill may comprise a quiescent zone above one or
more grinding zones. A quiescent zone 1s a region located
towards the top of the interior of a tower mill 1n which
minimal or no grinding takes place and comprises microfi-
brillated cellulose and inorganic particulate material. The
quiescent zone 1s a region 1n which particles of the grinding
medium sediment down 1nto the one or more grinding zones
of the tower mull.

The tower mill may comprise a classifier above one or
more grinding zones. In an embodiment, the classifier 1s top
mounted and located adjacent to a quiescent zone. The
classifier may be a hydrocyclone.

The tower mill may comprise a screen above one or more
orind zones. In an embodiment, a screen 1s located adjacent
to a quiescent zone and/or a classifier. The screen may be
s1zed to separate grinding media from the product aqueous
suspension comprising microfibrillated cellulose and to
enhance grinding media sedimentation.

In an embodiment, the grinding 1s performed under plug
flow conditions. Under plug flow conditions the flow
through the tower 1s such that there 1s limited mixing of the
egrinding materials through the tower. This means that at
different points along the length of the tower mill the
viscosity of the aqueous environment will vary as the
fineness of the microfibrillated cellulose increases. Thus, 1n
cllect, the grinding region in the tower mill can be consid-
ered to comprise one or more grinding zones which have a
characteristic viscosity. A skilled person in the art will
understand that there 1s no sharp boundary between adjacent
grinding zones with respect to viscosity.
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In an embodiment, water 1s added at the top of the mall
proximate to the quiescent zone or the classifier or the screen
above one or more grinding zones to reduce the viscosity of
the aqueous suspension comprising microfibrillated cellu-
lose at those zones in the mill. By diluting the product
microfibrillated cellulose at this point 1n the mill 1t has been
found that the prevention of grinding media carry over to the
quiescent zone and/or the classifier and/or the screen 1is
improved. Further, the limited mixing through the tower
allows for processing at higher solids lower down the tower
and dilute at the top with limited backtlow of the dilution
water back down the tower into the one or more grinding,
zones. Any suitable amount of water which 1s eflective to
dilute the wviscosity of the product aqueous suspension
comprising microfibrillated cellulose may be added. The
water may be added continuously during the grinding pro-
cess, or at regular intervals, or at irregular intervals.

In another embodiment, water may be added to one or
more grinding zones via one or more water injection points
positioned along the length of the tower mill, the or each
water 1njection point being located at a position which
corresponds to the one or more grinding zones. Advanta-
geously, the ability to add water at various points along the
tower allows for further adjustment of the grinding condi-
tions at any or all positions along the mall.

The tower mill may comprise a vertical impeller shaft
equipped with a series of impeller rotor disks throughout 1ts
length. The action of the impeller rotor disks creates a series
ol discrete grinding zones throughout the mall.

In another embodiment, the grinding i1s performed 1n a
screened grinder, preferably a stirred media detritor. The
screened grinder may comprise one or more screen(s) hav-
ing a nominal aperture size of at least about 250 um, for
example, the one or more screens may have a nominal
aperture size of at least about 300 um, or at least about 350
wm, or at least about 400 um, or at least about 450 um, or at
least about 500 um, or at least about 550 um, or at least about
600 um, or at least about 650 um, or at least about 700 um,
or at least about 750 um, or at least about 800 um, or at least
about 850 um, or at or least about 900 um, or at least about
1000 pum.

The screen sizes noted immediately above are applicable
to the tower mill embodiments described above.

As noted above, the grinding 1s performed 1n the presence
of a grinding medium. In an embodiment, the grinding
medium 1s a coarse media comprising particles having an
average diameter 1n the range of from about 1 mm to about
6 mm, for example about 2 mm, or about 3 mm, or about 4
mm, or about 5 mm.

In another embodiment, the grinding media has a specific
gravity of at least about 2.5, for example, at least about 3, or
at least about 3.5, or at least about 4.0, or at least about 4.5,
or least about 5.0, or at least about 5.5, or at least about 6.0.

As described above, the grinding medium (or media) may
be 1n an amount up to about 70% by volume of the charge.
The grinding media may be present in amount of at least
about 10% by volume of the charge, for example, at least
about 20% by volume of the charge, or at least about 30%
by volume of the charge, or at least about 40% by volume
of the charge, or at least about 50% by volume of the charge,
or at least about 60% by volume of the charge.

In one embodiment, the grinding medium 1s present in
amount of about 50% by volume of the charge.

By ‘charge’ 1s meant the composition which 1s the feed
ted to the grinder vessel. The charge includes water, grinding
media, the fibrous substrate comprising cellulose and any
other optional additives (other than as described herein).
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The use of a relatively coarse and/or dense media has the
advantage of improved (i1.e., faster) sediment rates and
reduced media carry over through the quiescent zone and/or
classifier and/or screen(s).

A further advantage 1n using relatively coarse screens 1s
that a relatively coarse or dense grinding media can be used
in the microfibrillating step. In addition, the use of relatively
coarse screens (1.€., having a nominal aperture of least about
250 um) allows a relatively high solids product to be
processed and removed from the grinder, which allows a
relatively high solids feed (comprising fibrous substrate
comprising cellulose and 1norganic particulate material) to
be processed 1n an economically viable process. As dis-
cussed below, 1t has been found that a feed having a high
initial solids content 1s desirable 1n terms of energy suili-
ciency. Further, 1t has also been found that product produced
(at a g1ven energy) at lower solids has a coarser particle size
distribution.

As discussed i the ‘Background’ section above, the
present invention seeks to address the problem of preparing
microfibrillated cellulose economically on an industrial
scale.

Thus, 1n accordance with one embodiment, the fibrous
substrate comprising cellulose 1s present 1 the aqueous
environment at an 1nitial solids content of at least about 1 wt
%. The fibrous substrate comprising cellulose may be pres-
ent 1n the aqueous environment at an initial solids content of
at least about 2 wt %, for example at least about 3 wt %, or
at least about at least 4 wt %. Typically the initial solids
content will be no more than about 10 wt %.

In another embodiment, the grinding 1s performed 1n a
cascade of grinding vessels, one or more of which may
comprise one or more grinding zones. For example, the
fibrous substrate comprising cellulose may be ground 1n a
cascade of two or more grinding vessels, for example, a
cascade of three or more grinding vessels, or a cascade of
four or more grinding vessels, or a cascade of five or more
orinding vessels, or a cascade of six or more grinding
vessels, or a cascade of seven or more grinding vessels, or
a cascade of eight or more grinding vessels, or a cascade of
nine or more grinding vessels 1n series, or a cascade com-
prising up to ten grinding vessels. The cascade of grinding
vessels may be operatively inked 1n series or parallel or a
combination of series and parallel. The output from and/or
the mput to one or more of the grinding vessels 1 the
cascade may be subjected to one or more screening steps
and/or one or more classification steps.

The total energy expended in a microfibrillation process
may be apportioned equally across each of the grinding
vessels 1n the cascade. Alternatively, the energy input may
vary between some or all of the grinding vessels in the
cascade.

A person skilled 1n the art will understand that the energy
expended per vessel may vary between vessels in the
cascade depending on the amount of fibrous substrate being
microfibrillated 1n each vessel, and optionally the speed of
orind 1n each vessel, the duration of grind i each vessel and
the type of grinding media in each vessel. The grinding
conditions may be varied in each vessel in the cascade 1n
order to control the particle size distribution of the micro-
fibrillated cellulose.

In an embodiment the grinding i1s performed 1n a closed
circuit. In another embodiment, the grinding 1s performed 1n
an open circuit.

As the suspension of maternial to be ground may be of a
relatively high viscosity, a suitable dispersing agent may
preferably be added to the suspension prior to grinding. The
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dispersing agent may be, for example, a water soluble
condensed phosphate, polysilicic acid or a salt thereof, or a
polyelectrolyte, for example a water soluble salt of a poly
(acrylic acid) or of a poly(methacrylic acid) having a num-
ber average molecular weight not greater than 80,000. The
amount of the dispersing agent used would generally be 1n
the range of from 0.1 to 2.0% by weight, based on the weight
of the dry 1norganic particulate solid material. The suspen-
s1on may suitably be ground at a temperature in the range of
from 4° C. to 100° C.

Other additives which may be included during the micro-
fibrillation step include: carboxymethyl cellulose, ampho-

teric carboxymethyl cellulose, oxidising agents, 2,2,6,6-
Tetramethylpiperidine-1-oxyl (TEMPQO), TEMPO
derivatives, and wood degrading enzymes.

The pH of the suspension of material to be ground may be
about 7 or greater than about 7 (1.e., basic), for example, the
pH of the suspension may be about 8, or about 9, or about
10, or about 11. The pH of the suspension of material to be
ground may be less than about 7 (i.e., acidic), for example,
the pH of the suspension may be about 6, or about 5, or about
4, or about 3. The pH of the suspension of material to be
ground may be adjusted by addition of an appropriate
amount of acid or base. Suitable bases included alkali metal
hydroxides, such as, for example NaOH. Other suitable
bases are sodium carbonate and ammonia. Suitable acids
included inorganic acids, such as hydrochloric and sulphuric
acid, or organic acids. An exemplary acid 1s orthophosphoric
acid.

The total energy input in a typical grinding process to
obtain the desired aqueous suspension composition may
typically be between about 100 and 1500 kWht™' based on
the total dry weight of the 1norganic particulate filler. The
total energy input may be less than about 1000 kWht™', for
example, less than about 800 kWht™', less than about 600
kWht™!, less than about 500 kWht™!, less than about 400
kWht™!, less than about 300 kWht™*, or less than about 200
kWht™'. As such, the present inventors have surprisingly
found that a cellulose pulp can be microfibrillated at rela-
tively low energy input when 1t 1s co-ground 1n the presence
ol an 1norganic particulate material. As will be apparent, the
total energy mnput per tonne of dry fibre in the fibrous

substrate comprising cellulose will be less than about 10,000
kWht™!, for example, less than about 9000 kWht™', or less

than about 8000 kWht™*, or less than about 7000 kWht™*, or
less than about 6000 kWht™', or less than about 5000

kWht™', for example less than about 4000 kWht-1, less than
about 3000 kWht=" . less than about 2000 kWht™!, less than
about 1500 kWh t_lj less than about 1200 kWht™, less than
about 1000 kWht ™', or less than about 800 kWht™*. The total
energy input varies depending on the amount of dry fibre 1n
the fibrous substrate being microfibrillated, and optionally
the speed of grind and the duration of grind.

The following procedure may be used to characterise the
particle size distributions of mixtures of minerals (GCC or
kaolin) and microfibrillated cellulose pulp fibres.

Calcium Carbonate

A sample of co-ground slurry suflicient to give 3 g dry
material 1s weighed into a beaker, diluted to 60 g with
deionised water, and mixed with 5 cm” of a solution of
sodium polyacrylate of 1.5 w/v % active. Further deionised
water 1s added with stirring to a final slurry weight of 80 g.

Kaolin

A sample of co-ground slurry suflicient to give 5 g dry
material 1s weighed into a beaker, diluted to 60 g with
deionised water, and mixed with 5 cm” of a solution of 1.0
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wt % sodium carbonate and 0.5 wt % sodium hexameta-
phosphate. Further deionised water 1s added with stirring to

a final slurry weight of 80 g.

The slurry is then added in 1 cm” aliquots to water in the
sample preparation unit attached to the Mastersizer S until
the optimum level of obscuration 1s displayed (normally
10-15%). The light scattering analysis procedure 1s then
carried out. The mstrument range selected was 300RF:
0.05-900, and the beam length set to 2.4 mm.

For co-ground samples containing calcium carbonate and
fibre the refractive index for calctum carbonate (1.596) 1s
used. For co-ground samples of kaolin and fibre the RI for
kaolin (1.5295) 1s used.

The particle size distribution 1s calculated from Mie
theory and gives the output as a diflerential volume based
distribution. The presence of two distinct peaks 1s 1nter-
preted as arising from the mineral (finer peak) and fibre
(coarser peak).

The finer mineral peak 1s fitted to the measured data points
and subtracted mathematically from the distribution to leave
the fibre peak, which 1s converted to a cumulative distribu-
tion. Similarly, the fibre peak 1s subtracted mathematically
from the original distribution to leave the mineral peak,
which 1s also converted to a cumulative distribution. Both
these cumulative curves may then be used to calculate the
mean particle size (d.,) and the steepness of the distribution
(d,/d,,x100). The differential curve may be used to find the
modal particle size for both the mineral and fibre fractions.

EXAMPLES

Unless otherwise specified, paper properties were mea-

sured 1n accordance with the following methods:

Burst strength: Messemer Biichnel burst tester according
to SCAN P 24.

Tensile strength: Testometrics tensile tester according to
SCAN P 16.

Bendtsen porosity: Measured using a Bendtsen Model 3
porosity tester 1 accordance with SCAN P21, SCAN
P60, BS 4420 and Tapp1 UM 3533.

Bulk: This 1s the reciprocal of the apparent density as
measured according to SCAN P7.

ISO Brnightness: The ISO brightness of handsheets was
measured by means of an Elrepho Datacolour 3300
brightness meter fitted with a No. 8 filter (457 nm
wavelength), according to ISO 2470: 1999 E.

Opacity: The opacity of a sample of paper 1s measured by
means of an Elrepho Datacolor 3300 spectro-photom-
cter using a wavelength appropriate to opacity mea-
surement. The standard test method 1s ISO 2471. First,
a measurement of the percentage of the incident light
reflected 1s made with a stack of at least ten sheets of
paper over a black cavity (Rinfinity). The stack of
sheets 1s then replaced with a single sheet of paper, and
a second measurement of the percentage reflectance of
the single sheet on the black cover 1s made (R). The
percentage opacity 1s then calculated from the formula:
Percentage opacity=100xR/Rinfinity.

Tear strength: TAPPI method T 414 om-04 (Internal
tearing resistance ol paper (Elmendort-type method)).

Internal (z-direction) strength using a Scott bond tester
according to TAPPI T569.

Gloss: TAPPI method T 480 om-05 (Specular gloss of
paper and paperboard at 75 degrees) may be used.
Stiflness: The stiflness measurement method described in
J. C. Husband, L. F. Gate, N. Norouzi, and D. Blair,
“The Influence of kaolin Shape Factor on the Stiflness
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of Coated Papers”, TAPPI Journal, June 2009, p. 12-17
(see 1n particular the section enftitled ‘Experimental
Methods’); and J. C. Husband, J. S. Preston, L. F. Gate,
A. Storer, and P. Creaton, “The Influence of Pigment
Particle Shape on the In-Plane tensile Strength Prop-
erties of Kaolin-based Coating Layers”, TAPPI Journal,
December 2006, p. 3-8 (see 1n particular the section
entitled ‘Experimental Methods’).

L&W Bending resistance (force required to bend a sheet
through a given angle 1n mN: measured according to
SCAN-P29:84.

Cationic demand (or anionic charge): measured in Mutek
PCD 03; samples were titrated with Polydadmac (aver-
age molecular weight of about 60000) with conc. 1
mEqg/L (purchased from PTE AB/Selcuk Delen). The
pulp mixture was filtered betfore the determination but
not the white water samples. Before sample testing a
calibration test 1s run to check the approximate con-
sumption of polyelectrolyte. In sample testing the poly-
clectrolytes are dosed in batches (about 10 times) with
30 s intervals.

Sheet light scattering and absorption coeflicients are mea-
sured using reflectance data from the Elrepho instru-
ment: R 1nf=reflectance of stack of 10 sheets,
Ro=reflectance of 1 sheet over a black cup. These
values and the substance (gm™~) of the sheet are input-
ted into the Kubelka—Munk equations described 1n
“Paper Optics™ by Nils Pauler, (published by Lorentzen
and Wettre, ISBN 91-971-7635-6-7), p. 29-36.

First-pass retention 1s determined on the basis of the
solids measurement 1n the headbox (HD) and in the
white water (WW) tray and 1s calculated according to
the following formula: Retention=[(HBsolids— W Wsol-
1ds )HBsolids|x100

Ash retention 1s determined following the same principles
as first-pass retention, but based on the weight of the
ash component 1n the headbox (HB) and in the white
water (WW) tray, and 1s calculated according to the
following formula: Ash retention=[(HBash—-W Wash)/
HBash|x100

Formation index (PTS) 1s determined using the DOMAS
soltware developed by PTS 1n accordance with the

measurement method described 1n section 10-1 of their
handbook, ‘DOMAS 2.4 User Gude’

Example 1

Preparation of Co-Processed Filler

Composition 1

The starting materials for the grinding work consisted of
a slurry of pulp (Northern bleached kraft pine) and a ground
calcium carbonate (GGC) filler, Intracarb 60™, comprising
about 60% by volume of particles less than 2 um. The pulp
was blended m a Cellier mixer with the GCC to give a
nominal 6% addition of pulp by weight. This suspension,
which was at 26.5% solids, was then fed into a 180 kW
stirred media mill containing ceramic grinding media
(King’s, 3 mm) at a medium volume concentration of 50%.
The mixture was ground until an energy input between 2000
and 3000 kWht ' (expressed on pulp alone) had been
expended and then the pulp/mineral mixture was separated
from the media using a 1 mm screen. The product had a fibre
content (by ashing) of 6.5 wt %, and a mean fibre size (D30)
of 129 um as measured using a Malvern Mastersizer S™.
The fibre psd steepness (D30/D70x100) was 31.7.
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Composition 2

The preparation of this filler followed the procedure
outlined 1n composition 1. The pulp was blended 1n a Cellier
mixer with the Intracarb 60 to give a 20% addition of pulp.
This suspension, which was at 10-11% solids, was then fed
into a 180 kW stirred media mill containing ceramic grind-
ing media (King’s, 3 mm) at a medium volume concentra-
tion of 50%. The mixture was ground until an energy input
between 2500 and 4000 kWht™" (expressed on pulp alone)
had been expended and then the pulp/mineral mixture was
separated from the media using a 1 mm screen. The product
had a fibre content (by ashing) of 19.7 wt %, and a mean
fibre size (ID50) of 79.7 um as measured using a Malvern
Mastersizer S™. The fibre psd steepness (D30/D70x100)
was 29.3. Before addition to the paper machine the fibre
content was reduced to 11.4 wt % by blending 1n an
approximately 50/50 ratio with GCC (Intracarb 60™T™),

Example 2

Preparation of Basepaper

A blend of 80% by weight of eucalyptus pulp (Sodra
Tofte) refined to 27° SR at 4.5% solids and 20% by weight
of softwood kratt (Sodra Monsteras) pulp refined to 26° SR

at 3.5% solids was prepared 1n pilot scale equipment. This
pulp blend was used to make a continuous reel of paper
using a pilot scale paper machine running at 800 m min™".
The stock was fed to the twin wire roll former via a 13 mm
slot from a UMV 10 headbox. The target grammage of the
paper was 75 gm™~ and fillers and loading levels are set out

in Table 1.

TABLE 1

Uncoated basepaper properties before calendering

Filler

IC60 control Comp. 1 Comp. 2
Loading, wt % 19.9 27.8 27.9 28.5
Grammage, 74.5 74.1 77.8 71.9
gm ™
Tensile strength 34.0 26.5 26.9 29.4
Nm g™
Bendtsen porosity, 735 749 367 296
cm”® min~’

A 2-component retention aid system was used consisting
of a cationic polyacrylamide, Percol 47NS™, (BASEF) at a
dose of 300-380 g t~' and a microparticle bentonite, Hydro-
col SH™ at 2 kg t~'. The press section consists of one
double felted roll press running at a linear load of 10 kN m™"
followed by two Metso SymbBelt presses with the shoe
length of 250 mm running at 600 and 800 kN m™" respec-
tively. The rolls 1n the two shoe presses are inverted in
relation to each other.

The paper was dried using heated cylinders.
Application of a Barnier Coating

A coating was applied to each of the basepapers. The
formulation consisted of 100 parts of a high shape factor
kaolin (Barrisurf HX™) and 100 parts of a styrene-butadi-
ene copolymer latex (DL930™, Styron). The solids content
was 50.1 wt % and the Brookfield 100 rpm viscosity was 80
mPa-s. Coatings were applied by hand using a suitable
wirewound rod to give a coat weight of 13-14 gm™. Drying
was accomplished using a hot air dryer.

Example 3

The coated papers of Example 2 were then tested for
moisture vapour transmission rate (MV1TR) over 2 days. The
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method was based on TAPPI T448 but used silica gel as the
dessicant and a relative humidity of 50%. The amount of
moisture transierred through the paper was measured over
the first and second days and then averaged. Results are
summarized in Table 2.

The papers were also tested for o1l resistance using an
oil-based solution of Sudan Red IV in dibutyl phthalate

using an IGT printing unit. A controlled volume of the fluid
(5.8 ul) was applied to the paper using a syringe and passed
through the printing nip at a pressure of 5 kgt and a speed
of 0.5 m s™'. The area covered by the fluid stain was
measured using 1mage analysis and used as an indication of
the ability of the coating to resist penetration by oil-based
fluids. Results are summarized 1n Table 2.

TABLE 2

Coated basepaper properties

Filler
IC60 control Comp. 1 Comp. 2
Loading, wt % 19.9 27.8 27.9 28.5
MVTR 44.1 40.4 40.4 36.3
om~4/day
Stain area, pixels 62592 70855 73749 75672

These results show that the paper containing co-ground
filler at the highest fibre level (composition 2) has a lower
moisture vapour transmission rate than the control. Coated
papers on both compositions 1 and 2 have higher stain areas
indicating improved fluid resistance.

Example 4

Preparation of Co-Processed Filler

Composition 3

The starting materials for the grinding work consisted of
a slurry of pulp (Botnia pine) and a ground calctum carbon-
ate filler, Intracarb 60™. The pulp was blended 1n a Cellier
mixer with the Intracarb to give a nominally 20 wt %
addition of pulp. This suspension, which was at 10-11%
solids, was then fed into a 180 kW stirred media mill
contaiming ceramic grinding media (King’s, 3 mm) at a
medium volume concentration of 50%. The mixture was
ground until an energy input between 2500 and 4000 kWht™*
had been expended and then the pulp/mineral mixture was
separated from the media using a 1 mm screen. The product
had a fibre content (by ashing) of 19.7 wt %, and a mean
fibre size (D30) of 79.7 um as measured using a Malvern
Mastersizer ST™. The fibre psd steepness (D30/D70x100)
was 29.3. Before addition to the paper machine (see
Example 5 below) the fibre content was reduced by blending
9 parts by weight of the composition containing 19.7 wt %
fibre with 23 parts of fresh Intracarb 60 to give a fibre
content, measured by ash, of 5.8 wt %.

Composition 4

A second filler composition was prepared by blending 50
parts by weight of composition 3, containing 19.7 wt %
fibre, with 50 parts of fresh Intracarb 60 to give a fibre
content, measured by ash, of 11.4 wt %.

Example 5

Preparation of Paper

A blend of 80% by weight of eucalyptus pulp (Sodra
Tofte) refined to 27° SR at 4.5% solids and 20% by weight
of softwood krait (Sodra Monsteras) pulp refined to 26° SR
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at 3.5% solids was prepared 1n pilot scale equipment. This

pulp blend was used to make a continuous reel of paper

using a pilot scale paper machine running at 800 m min™"'.

The stock was fed to the twin wire roll former via a 13 mm

slot from a UMV 10 headbox. The target grammage of the
paper was 75 gm™~~ and fillers and loading levels are set out
in Table 1. A 2-component retention aid system was used
consisting of a cationic polyacrylamide, Percol 47NS™,
(BASF) at a dose of 300-380 g t~' and a microparticle
bentonite, Hydrocol SH™ at 2 kg t~'. The press section
consists of one double felted roll press running at a linear
load of 10 kN m™' followed by two Metso SymBelt presses
with the shoe length of 250 mm running at 600 and 800 kN

m~" respectively. The rolls in the two shoe presses are

inverted 1n relation to each other.
The paper was dried using heated cylinders.
Table 3 below lists the wet end measurements made
during the papermaking stage. Paper properties are sum-
marised in Table 4.

These data show that the co-ground fillers do not signifi-
cantly contribute to the anionic trash in the white water
recirculation, and do not have a detrimental effect on total
retention, whist improving the ash retention. Finally, the
formation of the paper i1s improved by the addition of

co-ground filler.

TABLE 3

Paper machine parameters

IC60 Control Comp. 3  Comp. 4
Loading, wt %0 19.9 27.8 274 28.5
Retention aid dose, 300 380 380 380
gt
Cationic demand of 0.0225 0.0195 0.0195 0.0210
white water, peq g
Total 1st pass 72.4 73.9 74.1 70.8
retention, wt %o
Ash retention, wt % 437 35.1 51.1 447
Formation index, PTS 842 800 636 668
TABLE 4
Paper properties

IC60 control Comp. 3 Comp. 4
Loading, wt %0 19.9 27.8 27.4 28.5
(rammage, 74.5 74.1 77.3 71.9
om 2
Burst strength 19.3 15.5 18.1 19.8
index, Nm g™
Tensile strength 34.0 26.5 27.4 29.4
index, Nm g
Tear strength 4.12 3.41 3.83 4.12
index, Nm g™
Scott bond 136.6 122.2 134.2 131.8
strength, Jm™
Sheet light 61.5 (F¥) 68.0 (FR) 69.9 (F¥) 71.3 (F¥)
scattering 58.0 (F10) 63.8 (F10) 65.4 (F10) 66.2 (F10)
coeflicient,
m’kg ",
filters 8 and 10
Sheet light 0.381 (F8&) 0.385 (F¥) 0.407 (F¥) 0.419 (F¥)
absorption 0.136 (F10) 0.143 (F10) 0.160 (F10) 0.170 (F10)
coeflicient,
m’kg ™",

filters 8 and 10

These results show that the papers containing co-ground
filler (compositions 3 and 4) have an unusual combination of
strength properties. Normally 1 pulp refining, 1f tensile



US 11,655,594 B2

43

strength increases, tear decreases. In these examples, both
tensile and tear strength increase at the same time. Scott
bond internal strength also improves.

Normally, 11 tensile strength increases, sheet light scatter
decreases. In this instance, both increase. d

Example 6

Preparation of Co-Ground Filler

The starting materials for the grinding work consisted of 1Y
a slurry of pulp (Botnia pine) and a ground calcium carbon-
ate filler, Intracarb 60™. The pulp was blended 1n a Cellier
mixer with the GCC to give a 20% addition of pulp. This
suspension, which was at 8.8% solids, was then fed into a
180 kW stirred media mill containing a ceramic grinding
media (King’s, 3 mm) at a media volume concentration of

50%. The mixture was ground until an energy input between
2500 kWht™' had been expended and then the pulp/mineral
mixture was separated from the media using a 1 mm screen.
The product had a fibre content (by ashing) of 19.0 wt %,
and a mean fibre size (d.,) of 79 um as measured using a

Malvern Mastersizer S™. The fibre psd steepness (d;,/d-,x
100) was 30.7.
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Example 7
Preparation of Base Paper
A blend of 56% by weight of Fibria eucalyptus pulp
refined to 33 SR (100 kWh/t), 14% Botma RMA 90 soft-

wood kraft pulp beaten to 31 SR, and 30% by weight of
coated woodiree broke containing 50% by weight of GCC
(Royal Web Silk) was prepared at 3% solids 1n water using
a pilot scale hydrapulper.

This pulp blend was used to make a continuous reel of
paper using a pilot scale Fourdrinier machine running at 12
m min~'. The target grammage of the paper was 73-82 gm™~
and fillers and loading levels are set out in Table 1. A cationic
polymeric retention aid (Percol E622, BASF) was added at
a dose of 200 g t=' (10% loading) or 300 g t~' (15-20%
loading). The paper was dried using heated cylinders.

The basepaper was calendered for 1 nip on machine using,
a steel roll calendar at 20 kN pressure. The properties of the
papers aiter calendering are summarised 1n Table 5.

These results show that the paper containing co-ground
filler has higher burst and tensile strength than the control.
The bending resistance 1s also increased. The porosity
however, 1s much reduced. The sheets containing the highest
amount of coground filler have improved surface smooth-
ness to those containing the control chalk.
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TABLE 5

Uncoated woodtree basepaper properties after calendering

Control Base 1 Base 2 Base 3 55
5% broke 5% broke 5% broke 5% broke
filler filler filler filler
10% IC60*  10% Ex 6 15% Ex. 6 20% Ex 6
Loading, wt % 15.1 15.8 19.7 234
Grammage, gm ™ 72.8 74.4 77.6 82.2 60
(Feometric mean 33.3 35.0 31.4 33.%
tensile strength
Nm g
Burst strength 19.9 22.2 21.2 21.4
Nm g
(Geometric mean 3.22 341 4.15 4.2

bending force, 63

L&W, mN
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TABLE 5-continued

Uncoated woodfree basepaper properties after calendering

Control Base 1 Base 2 Base 3
5% broke 5% broke 5% broke 5% broke
filler filler filler filler
10% IC60* 10% Ex 6 15% Ex. 6 20% Ex 6
Bendtsen 1202 842 592 577
porosity, cm”
min~*
Bendtsen 350 340 342 2R6
smoothness cm”
min~*
Wireside
ISO Brightness 76.7 76.6 77.5 78.0
Opacity, % 80.6 80.6 84.4 85.9
*Intracarb 60 T™
Example 8

A coating mix was prepared according to the following
formulation:

85 parts ultrafine ground calcium carbonate (Carbital
953T™) comprising about 95% by volume of particles
less than 2 um

15 parts fine glossing kaolin (Hydragloss 90™ KaMin)

11 pph styrene-butadiene-acrylomitrile latex (DL920™,
Styron)

0.3 pph CMC (Finnfix, CP Kelco)

1 pph calcium stearate (Nopcote C104).

The pH was adjusted to 8.0 with NaOH and the solids to
65.5 wt %. The wviscosity, measured using a Brookfield
viscometer at 100 rpm was 270 mPa-s. This was applied to
samples of the basepapers 1n Table 5 using a laboratory
coater (Heli-Coater™) at a speed of 600 m min~'. Coat
weights of between 7.0 and 12.0 gm™~ was applied and

adjusted by control of blade displacement.

After conditioning at 23° C. and 50% RH, all the coated
paper samples produced were then supercalendered for 10
nips using a Perkins laboratory calendar. The pressure was
50 bar at a roll temperature of 65° C. and a speed of 40 m
min~"'.

The coated and calendered strips were then tested for
smoothness (Parker Print Surf, ISO 8971-4), 75° TAPPI
gloss (T480), and coverage using a burn-out procedure
followed by image analysis of the grey level image. The
procedure 1nvolves treating the paper with an alcoholic
solution of ammonium chloride, followed by heating to 200°
C. for 10 minutes to char the basepaper fibres. The grey level
of the paper 1s a measure of the ability of the coating layer
to cover the blackened fibres. Values for grey level close to
0 indicate poor coverage (black) whilst higher values 1ndi-
cate higher whiteness and therefore better coverage.

Results for a coat weight of 12 gm™ are summarised in
Table 6.

Samples of the coated paper were also tested for their
printing properties. Papers were printed using an IGT Print-
ing Unit at a speed of 0.5 m s™' and a pressure of S00N. A
magenta sheetfed offset ink was used, applying a volume of
0.1 cm”. The gloss of the printed ink layer was measured
using a Hunterlab 75° glossmeter according to the TAPPI
1480 standard. The 1nk density was measured using a Gretag
Spectroeye™ densitometer. The picking speed of the coating
was measured with the IGT Printing Unit 1n acceleration
mode using a standard low viscosity o1l. The printing speed
was accelerated from 0-6 m s and the distance on the
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coated strip when damage first occurred was measured and
quoted as a printing velocity. Higher values mean that the

coating 1s stronger.

TABLE 6

Coated paper properties

PPS Burn-

smooth-  out, Dry
75° ness  average Print pick

Loading, TAPPI LLIT, grey gloss, Print velocity

Base wt %0 gloss 1000 Pa level 75°  density cm s
Control 15.1 64 1.29 111.6 70 1.50 183
Base 1 15.8 63 1.21 114.6 70 1.51 194
Base 2 19.7 71 1.17 140.9 77 1.53 191
Base 3 23.4 68 1.30 129.9 75 1.46 198

The results show that substituting a co-ground filler
contaiming microfibrillated cellulose for a standard GCC
filler gives improvements 1n coated sheet quality when the
paper 1s subsequently coated. The coated paper surface has
higher gloss, better smoothness and the coated layer has
better coverage according to the burnout test (higher grey
level values). Printing properties are also improved with the
ink layer having a higher gloss. It was also found that the dry
pick strength increased when filler containing microfibril-
lated cellulose was used 1n the base.

Example 9

Preparation of Co-Ground Filler

The starting materials for the grinding work consisted of
a slurry of pulp (Botnia pine) and a ground calcium carbon-
ate filler, Polcarb 60™, comprising about 60% by volume of
particles less than 2 um. The pulp was blended 1n a Cellier
mixer with the Polcarb to give a 20% addition of pulp. This
suspension, which was at 8.7% solids, was then fed nto a
180 kW stirred media mill containing a ceramic grinding
media (King’s, 3 mm) at a media volume concentration of
50%. The mixture was ground until an energy input between
2500 kWht~" had been expended and then the pulp/mineral
mixture was separated from the media using a 1 mm screen.
The product had a fibre content (by ashing) of 20.7 wt %,
and a mean fibre size (d.,) of 79 um as measured using a
Malvern Mastersizer ST™. The fibre psd steepness (d,,/d,,x

100) was 29.5.

Example 10

Preparation of Basepaper

A blend of 40% by weight of Pressurised groundwood
pulp, 40% Botnia RMA 90 softwood krait pulp beaten to 31
SR and 20% by weight of coated LWC broke containing
50/50 GCC/kaolin was prepared at 3% solids 1n water using
a pilot scale hydrapulper.

This pulp blend was used to make a continuous reel of
paper using a pilot scale Fourdrinier machine running at 16
m min~". The target grammage of the paper was 38-43 gm™
and fillers and loading levels are set out in Table 7. A cationic
polymeric retention aid (Percol 2301, BASF) was added at
a dose of 200 g t™" (10% loading) or 300 g t=' (15-20%
loading). The paper was dried using heated cylinders.

The basepaper was calendered for 1 nip on machine using,
a steel roll calendar at 20 kN pressure. The properties of the
papers alter calendering are summarised in Table 7.

These results show that the paper containing co-ground
filler has higher burst and tensile strength than the control.
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The bending resistance 1s also increased. The porosity
however, 1s much reduced. The sheets containing the highest
amount ol co-ground filler have improved surface smooth-
ness to those containing the control chalk.

TABLE 7

Uncoated basepaper properties after calendering

Control Base 1 Base 2 Base 3
5% broke 5% broke 5% broke 5% broke
filler filler filler filler
6% Polcarb 60 5% Ex 9 10% Ex. 9 14% Ex 9

Loading, wt %6 11.2 10.1 15.4 18.8
Grammage, gm ™~ 38.2 3R.2 42.0 43.0
Geometric 26.8 324 30.4 28.4
mean tensile
strength Nm g~*
Burst strength 14.8 17.4 16.0 154
Nm g
(Jeo. mean 3.22 3.41 4.15 4.2
bending force,
L&W, mN
Bendtsen 1,202 842 592 577
porosity, cm”
min~?
Bendtsen 350 340 342 286
smoothness
cm® min ™t
Wireside
ISO Brightness 76.7 76.6 77.5 78.0
Opacity, % R0.6 80.6 84.4 85.9

Example 11

A coating mix was prepared according to the following
formulation:

60 parts fine ground calcium carbonate (Carbital 90T™)
comprising about 90% by volume of particles less than
2 um

40 parts fine Brazilian kaolin (Capim DG™)

8 pph styrene-butadiene-acrylonitrile latex (DL920T™,
Styron)

4 pph starch (Cargill C*film)

1 pph calcium stearate (Nopcote C104).

The pH was adjusted to 8.0 with NaOH and the solids to
67.5 wt %. The viscosity, measured using a Brookiield
viscometer at 100 rpm was 270 mPa-s. This was applied to
samples of the basepapers 1n Table 7 using a laboratory
coater (Heli-Coater™) at a speed of 600 m min . Coat
weights of between 7.0 and 12.0 gm™ was applied and
adjusted by control of blade displacement.

After conditioning at 23° C. and 50% RH, all the coated

paper samples produced in Examples 3 and 4 were then
supercalendered for 10 nips using a Perkins laboratory
calendar. The pressure was 30 bar at a roll temperature of
65° C. and a speed of 40 m min~"'.

The coated and calendered strips were then tested for
smoothness (Parker Print Surf, ISO 8971-4), 75° TAPPI

gloss (1480), and coverage 1n accordance with Example 8
above.

Samples of the coated paper were also tested for their
printing properties in accordance with Example 8 above.

Results interpolated to a coat weight of 10 gm™ are
summarised 1n Table 8.
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TABLE 8

Coated paper properties

PPS
75° smoothness Burn-out, Print °
Loading, TAPPI um, 1000 average gloss,

Base wt %0 gloss Pa grey level 75°
Control 11.2 48 1.36 142.3 62
Base 1 10.1 50 1.35 135.9 62
Base 2 15.4 54 1.17 161.0 66 10
Base 3 18.8 52 1.20 148.5 65

The results show that substituting a co-ground filler
contaiming microfibrillated cellulose for a standard chalk
filler gives improvements in coated sheet quality when the 1°
paper 1s subsequently coated. The coated paper surface has
higher gloss, better smoothness and the coated layer has
better coverage according to the burnout test (generally
higher grey level values). Printing properties are also

improved with the ink layer having a higher gloss. =

Example 11

400 g of unrefined bleached softwood kraft pulp (Botma
Pine RM90) was soaked 1n 20 litres of water for 6 hours,
then slushed i a mechanical mixer. The stock so obtained
was then poured into a laboratory Valley beater and refined
under load for 28 mins to obtain a sample of refined pulp
beaten to 525 cm”® Canadian Standard Freeness (CSF). 30

The pulp was then dewatered using a consistency tester
(Testing Machines Inc.) to obtain a pad of wet pulp at
between 23.0-24.0 wt % solids. This was then used in

co-grinding experiments as detailed below:

143 ¢ of a slurry of Carbital 60HS™ (solids 77.7 wt %; 35
about 60% by volume of particles less than 2 um) was
weighed mto a grinding pot. 51.0 g of wet pulp was then
added and mixed with the carbonate. 1485 g of King’s 3 mm
orinding media was then added followed by 423 g water to
give a media volume concentration of 50%. The mixture was 40
ground together at 1000 rpm until an energy input of
5,000-12,500 kWh/ton (expressed on fibre) had been
expended. The product was separated from the media using
a 600 um BSS screen. The solids content of the resulting
slurry was between 22.0-25.0 wt % and a Brookfield vis- 45
cosity (100 rpm) of 1400-2930 mPa-s. The fibre content of
the product was analysed by ashing at 450° C. and the size
of the mineral and pulp fractions measured using a Malvern
Mastersizer.

Further samples based on the same GCC and pulp were 50
prepared using similar conditions but at higher pulp addition
levels. The sample properties are listed 1n Table 9.

25

TABLE 9

55
Conditions and properties of co-ground MEFC-GCC slurries

Energy MEFC Brooktfield
wt % MFC  kWhit D30, um, Solids  wviscosity, 100
Sample on mineral MEC (Malvern) wt %0 rpm, mPa - s
1 1.1 7500 41.6 22.0 2930 OV
2 10.9 10,000 16.5 23.9 1685
3 10.9 12,500 12.5 25.0 14035
4 17.2 5,000 43 14.9 1815
5 15.7 10,000 16.4 17.4 1030
6 15.3 12,500 12.3 18.4 960
7 24.1 12,500 11.7 13.5 1055 65
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Example 12

131 g of a slurry of Barrisurf HX™ (solids 53.0 wt %;
shape fator=100) was weighed 1nto a grinding pot. 33.0 g of
wet pulp at 22.5 wt % solids was then added and mixed with
the kaolin. 1485 g of King’s 3 mm grinding media was then
added followed by 429 g water to give a media volume
concentration of 50%. The mixture was ground together at
1000 rpm until an energy iput of between 5000 and 12,500
kWh/ton (expressed on fibre) had been expended. The
products were separated from the media using a 600 um BSS
screen. The solids content of the resulting slurries was
between 13.5-15.9 wt % and Brookiield viscosity (100 rpm)
values between 1940 and 2600 mPa-s. The fibre content of
the products was analysed by ashing at 450° C. and the size
of the mineral and pulp fractions measured using a Malvern
Mastersizer.

Further samples based on the same kaolin and pulp were
prepared using similar conditions but at higher pulp addition
levels. The sample properties are listed in Table 10.

TABL.

L1l

10

Conditions and properties of co-ground MFC-kaolin slurries

Brookifield
wt % MFEFC Energy MEC D50, um, Solids viscosity, 100

Sample on mineral kWh/t MEFC (Malvern) wt % rpm, mPa - s

8 12.6 5000 52.2 13.5 2632

9 13.0 7500 34.3 14.3 2184
10 12.5 10,000 23 14.6 1940
11 13.4 12,500 18.2 15.9 2280
12 18.6 5000 42.5 14.1 4190
13 16.6 7500 24.8 16.2 4190
14 15.9 10,000 17 16.0 3156
15 16.4 12,500 13.6 16.1 2332
16 22.5 5000 41.9 14.3 6020
17 21.2 7500 28.2 14.4 5220
18 21.4 10,000 16.5 14.%8 3740
19 20.0 12,500 11.9 18.1 4550
20 27.7 7500 31.4 13.6 4750
21 28.4 10,000 21.4 15.6 5050
22 32.3 12,500 13.6 17.4 6490

Example 13

Portions of the above slurries were applied onto a poly-
cthylene terephthalate film (Terinex Ltd.) using a 150 um
film thickness wirewound rod (Sheen Instruments Ltd,
Kingston, UK). The coatings were dried by the application
of a hot air gun. The dried coatings were removed from the
PET film and cut into barbell shapes 4 mm wide using a
cutter designed for rubber testing. The tensile properties of

the coatings were measured using a tensile tester (Testomet-
ric 350, Rochdale, UK). The procedure 1s described in the

article by J. C. Husband, J. S. Preston, L. F. Gate, A. Storer.
and P. Creaton, “The Influence of Pigment Particle Shape on
the In-Plane tensile Strength Properties of Kaolin-based
Coating Layers”, TAPPI Journal, December 2006, p. 3-8
(see 1n particular the section entitled ‘Experimental Meth-
ods’). The tensile strength of the coated films was calculated
from the load at break and the elastic modulus from the
initial slope of the stress vs. strain curve. The procedure 1s
described in the article by J. C. Husband, L. F. Gate, N.
Norouzi, and D. Blair, “The Influence of kaolin Shape Factor
on the Stiffness of Coated Papers”, TAPPI Journal, June
2009, p. 12-17 (see 1n particular the section entitled Experi-
mental Methods’).
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The results for the mechanical properties are summarised
in Tables 11 and 12.

TABLE 11

mechanical properties of co-ground MFC-GCC coatings

wt % MFC on Energy  Tensile strength, Elastic modulus,

Sample mineral kWh/t MFC MPa GPa

1 11.1 7500 0.78 0.44

2 10.9 10,000 0.90 0.68

3 10.9 12,500 0.74 0.65

4 17.2 5,000 0.68 0.35

5 15.7 10,000 1.33 0.75

6 15.3 12,500 1.36 0.83

7 24.1 12,500

These results show that a combination of MFC and high
aspect ratio kaolin can produce strength and elastic modulus
values. The elastic modulus would translate directly into
improved coated paper stiflness, for example.

Conditions and properties of co-ground MFC-Barrisurf HX coating

TABL.

L1

12

wt % MFEC Energy Tensile strength, Elastic modulus,

Sample on muneral kWh/t MEFC MPa GPa
8 12.6 5000 1.93 1.29
9 13.0 7500 2.96 1.68
10 12.5 10,000 2.55 1.66
11 13.4 12,500 2.41 1.69
12 18.6 5000 2.25 1.45
13 16.6 7500 3.27 2.14
14 15.9 10,000 4.31 2.64
15 16.4 12,500 2.98 2.16
16 22.5 5000 2.91 2.11
17 21.2 7500 5.71 2.94
18 21.4 10,000 5.95 2.91
19 20.0 12,500 3.26 2.53
20 27.7 7500 6.62 2.86
21 28.4 10,000 5.53 2.54
22 32.3 12,500 5.33 2.67

The 1nvention claimed 1s:

1. An article comprising;

1) a paper product comprising a co-processed microfibril-
lated cellulose and 1norganic particulate material com-
position, wherein the microfibrillated cellulose has a
fibre steepness of from about 20 to about 50 and a d.,
of from about 25 um to about 250 um; and
11) one or more functional coatings on the paper prod-

uct.

2. The article according to claim 1, wherein the microfi-
brillated cellulose 1s obtained by microfibrillating a fibrous
substrate comprising cellulose 1n the presence of an inor-
ganic particulate material, wherein the fibrous substrate
comprising cellulose 1s i the form of a chemical pulp,
mechanical pulp, chemithermomechanical pulp, or a com-
bination thereof.

3. The article according to claim 1, wherein the 1norganic
particulate material 1s selected from the group consisting of
calcium carbonate, magnesium carbonate, dolomite, gyp-
sum, kaolin, halloysite, ball clay, metakaolin, fully calcined
kaolin, talc, mica, huntite, hydromagnesite, ground glass,
perlite, or diatomaceous earth, or combinations thereof.

4. The article according to claam 1, wherein the paper
product comprises from about 0.5 wt. % to about 50 wt. %
of the co-processed microfibrillated cellulose and mmorganic
particulate material composition.
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5. The article according to claim 1, wherein the paper
product comprises from about 25 wt. % to about 35 wt. %
of the co-processed microfibrillated cellulose and 1norganic
particulate material composition.

6. The article according to claim 35, wherein the paper
product 1s a linerboard or a cardboard.

7. The article according to claim 1, wherein the functional
coating 1s a polymer, a metal, an aqueous composition, or a
combination thereof.

8. The article according to claim 1, wherein the functional
coating 1s an aqueous composition comprising a platy or
hyper-platy kaolin.

9. The article according to claim 1, wherein the functional
coating 1s an aqueous composition comprising calcium
carbonate.

10. The article according to claim 9, wherein the calcium
carbonate 1s ground calcium carbonate.

11. The article according to claim 1, wherein the func-
tional coating 1s an aqueous composition comprising cal-
cium carbonate and kaolin.

12. The article according to claim 11, wherein the calctum
carbonate 1s ground calcium carbonate.

13. The article according to claim 12, further comprising
styrene-butadiene-acrylonitrile latex.

14. The article according to claim 1, wherein the func-
tional coating 1s a liquid barrier layer.

15. The article according to claim 1, wherein the func-
tional coating 1s a printed electronics layer.

16. The article according to claim 1, wherein the func-
tional coating comprises co-processed microfibrillated cel-
lulose and inorganic particulate material composition.

17. The article according to claim 16, further comprising
an additional pigment.

18. The article according to claim 16, further comprising
a latex or a carboxylated latex.

19. The article according to claim 18, wherein the car-
boxylated latex 1s selected from the group consisting of a
styrene-butadiene rubber latex; an acrylic polymer latex; a
polyvinyl acetate latex; or a styrene acrylic copolymer latex,
a starch derivative, a sodium carboxymethyl cellulose, a
polyvinyl alcohol, and a protein.

20. The article according to claim 16, further comprising,
one or more water retention aid selected from the group
consisting of sodium carboxymethyl cellulose, hydroxyethyl
cellulose, polyvinyl alcohol, starch, protein, polyacrylate,
gums, alginate, polyacrylamide and bentonite.

21. The article according to claim 16, further comprising
one or more viscosity modifier and/or thickener selected
from the group consisting of acrylic associative thickener,
polyacrylate, emulsion copolymer, dicyanamide, triol, poly-
oxyethylene ether, urea, sulphated castor oil, polyvinyl
pyrrolidone, carboxymethyl cellulose, sodium alginate, xan-
than gum, sodmum silicate, acrylic acid copolymer,
hydroxymethyl cellulose, and hydroxyethyl cellulose.

22. The article according to claim 16, further comprising,
one or more lubricity or calendaring aid selected from the
group consisting of zinc stearate, wax emulsion, alkyl ketene
dimer, glycol, casein, guar gum, calcium stearate, ammo-
nium stearate, and sodium alginate.

23. The article according to claim 16, further comprising
one or more dispersant.

24. The article according to claim 16, further comprising
one or more antifoamer or defoamer.

25. The article according to claim 16, further comprising
one or more optical brightening agent.

26. The article according to claim 16, further comprising
one or more dye.
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27. The article according to claim 16, further comprising
one or more biocide.

28. The article according to claim 16, further comprising
one or more leveling agent.

29. The article according to claim 16, further comprising
one or more grease and o1l resistance additive.

30. The article according to claim 1, wherein the micro-
fibrillated cellulose has a d., ranging from about 50 um to
about 140 um.

31. The article according to claim 1, wherein the micro-
fibrillated cellulose has a d., ranging from about 70 um to
about 130 um.

32. The article according to claim 1, wherein the micro-
fibrillated cellulose has a d., ranging from about 50 pm to
about 120 um.

33. The article according to claim 1, wherein the micro-
fibrillated cellulose has a d., ranging from about 30 um to
about 150 um.

34. The article according to claim 1, which comprises a
packaging material.

35. The article according to claim 1, wherein the paper
product 1s a paperboard.
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